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CONSTITUTION  OF  THE  ASSOCIATION. 


OBJECTS, 


The  Society  shall  be  called  «*  The  American  Association  for  the 
Advancement  of  Science."  The  objects  of  the  Association  are,  by 
periodical  and  migratory  meetings,  to  promote  intercourse  between 
those  who  are  cultivating  science  in  difierent  parts  of  the  United 
States;  to  give  a  stronger  and  more  general  impulse,  and  a  more 
systematic  direction,  to  scientific  research  in  our  country ;  and  to  pro- 
cure for  the  labors  of  scientific  men  increased  facilities  and  a  wider 
usefulness. 

rules; 

MEMBERS. 

Rule  1.  Those  persons  whose  names  have  been  already  enrolled 
in  the  published  proceedings  of  the  Association,  and  all  those  who 
have  been  invited  to  attend  the  meetings,  shall  be  considered  mem- 
bers, on  subscribing  to  these  rules. 

Rttle  2.  Members  of  scientific  societies,  or  learned  bodies,  having 
in  view  ai^y  of  the  objects  of  this  Society,  and  publishing  transactions, 
shall  likewise  be  considered  members,  on  subscribing  to  these  rules. 

RxTLE  3.  Collegiate  professors  of  natural  history,  physics,  chemistry, 
mathematics,  and  political  economy,  and  of  the  theoretical  and  applied 
sciences  generally,  also  civil  engineers  and  architects  who  have  been 
employed  in  the  construction  or  superintendence  of  public  works,  may 
become  members,  on  subscribing  to  these  rules. 

Rt7L£  4.  Persons  not  embraced  in  the  above  provisions  may  be- 
come members  of  the  Association,  upon  nomination  by  the  Standing 
Committee,  and  by  a  majority  of  the  members  present. 

OFFICERS. 

Rttle  5.  The  officers  of  the  Association  shall  be  a  President,  a  Sec- 
retary, and  a  Treasurer ;  who  shall  be  elected  at  each  annual  meeting, 
for  the  meeting  of  the  ensuing  year. 


XVI  CONSTITUTION    OF   THE    ASSOCIATION. 

MEETINGS. 

Rule  6.  The  Association  shall  meet  annually,  for  one  week  or 
longer,  the  time  and  place  of  each  meeting  heing  determined  by  a 
vote  of  the  Association  at  the  previous  meeting ;  and  the  arrangements 
for  it  shall  be  intrusted  to  the  officers  and  the  Local  Committee. 

STANDING   COMMITTEE. 

Rule  7.  There  shall  be  a  Standing  Committee,  to  consist  of  the 
President,  Secretary,  and  Treasurer  of  the  Association ;  the  officers  of 
the  preceding  year ;  the  chairmen  and  secretaries  of  the  Sections, 
after  these  shall  have  been  organized ;  and  six  other  members  present, 
who  shall  have  attended  any  of  the  previous  meetings  :  to  be  elected 
by  ballot 

Rule  8.  The  Committee,  whose  duty  it  shall  be  to  manage  the 
general  business  of  the  Association,  shall  sit  during  the  meeting,  and 
at  any  time  in  the  interval  between  it  and  the  next  meeting,  as  the 
interests  of  the  Association  may  require.  It  shall  also  be  the  duty  of 
this  Committee  to  nominate  the  general  officers  of  the  Association  for 
the  following  year,  and  persons  for  admission  to  membership. 

SECTIONS. 

Rule  9.  The  Standing  Committee  shall  organize  the  Society  into 
Sections,  permitting  the  number  and  scope  of  these  Sections  to  vary  in 
conformity  to  the  wishes  and  the  scientific  business  of  the  Association. 

Rule  10.  It  shall  be  the  duty  of  the  Standing  Committee,  if,  at  any 
time,  two  or  more  Sections,  induced  by  a  deficiency  of  scientific  com- 
munications, or  by  other  means,  request  to  be  united  into  one,  —  or 
if  at  any  time  a  single  Section,  overloaded  with  business,  asks  to  be 
subdivided,  —  to  effect  the  change,  and  generally  to  readjust  the  sub- 
divisions of  the  Association,  whenever,  upon  due  representation,  it 
promises  to  expedite  the  proceedings,  and  advance  the  purposes  of 
the  meeting. 

SECTIONAL   COMMITTEES   AND   OFFICERS. 

Rule  11.  Each  Section  shall  appoint  its  own  chairman  and  secie 
tary  of  the  meeting ;  and  it  shall  likewise  have  a  standing  committee, 
of  such  size  as  the  Section  may  prefer.     The  secretaries  of  the  Sec- 
tions may  appoint  assistants,  whenever,  in  the   discharge  of  their 
duties,  it  becomes  expedient. 

Rule  12.  It  shall  be  the  duty  of  the  standing  committee  of  each 
Section,  assisted  by  the  chairman,  to  arrange  and  direct  the  proceed* 
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iDgs  in  their  Section,  to  ascertain  what  written  and  oral  communica- 
tions are  ofiered,  and,  for  the  better  forwarding  the  business,  to  assign 
the  order  in  which  these  communications  shall  appear,  and  the  amount 
of  time  which  each  shall  occupy ;  and  it  shall  be  the  duty  of  the 
chairman  to  enforce  these  decisions  of  the  committee. 

These  Sectional  Committees  shall  likewise  recommend  subjects  for 
systematic  investigation,  by  members  willing  to  undertake  the  re- 
searches, and  present  their  results  at  the  next  annual  meeting. 

The  committees  shall  likewise  recommend  reports  on  particular 
topics  and  departments  of  science,  to  be  drawn  up  as  occasion  permits, 
by  competent  persons,  and  presented  at  subsequent  annual  meetings. 

REPORTS   OF   PROCEEDINGS. 

Ei7L£  13.  Whenever  practicable,  the  proceedings  shall  be  reported 
by  professional  reporters  or  stenographers,  whose  reports  are  to  be  re- 
vised by  the  secretaries  before  they  appear  in  print. 

PAPERS  AND  COMMDNICATIONS. 

Rule  14.  The  author  of  any  paper  or  communication  shall  be  at 
liberty  to  retain  his  right  of  property  therein,  provided  he  declares 
such  to  be  his  wish  before  presenting  it  to  the  Society. 

general  and  EVENING  MEETINGS. 

Rule  15.  At  least  three  evenings  of  the  week  shall  be  reserved 
for  general  meetings  of  the  Association,  and  the  Standing  Committee 
shall  appoint  these  and  any  other  general  meetings  which  the  objects 
and  interests  of  the  Association  may  call  for. 

These  general  meetings  may,  when  convened  for  that  purpose, 
give  their  attention  to  any  topics  of  science  which  would  otherwise 
come  before  the  Section ;  and  thus  all  the  Sections  may,  for  a  longer 
or  shorter  time,  reunite  themselves  to  hear  and  consider  any  com- 
munications, or  transact  any  business. 

•  It  shall  be  a  part  of  the  business  of  these  General  Meetings  to  re- 
ceive the  Address  of  the  President  of  the  last  Annual  Meeting ;  to 
hear  such  reports  on  scientific  subjects  as,  from  their  general  impor- 
tance and  interest,  the  Standing  Committee  shall  select ;  also  to  receive 
from  the  chairmen  of  the  Sections  abstracts  of  the  proceedings  of 
their  respective  Sections ;  and  to  listen  to  communications  and  lec- 
tures explanatory  of  new  and  important  discoveries  and  researches 
in  science,  and  new  inventions  and  processes  in  the  arts. 
6* 
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ORDBR  OF   PE0CBEDIN6S   IN   OB6ANIZING  A  MATING. 

Rule  16.  The  Association  shall  be  organized  by  the  President  of 
the  preceding  Annual  Meeting.  The  question  of  the  most  eligible 
distribution  of  the  Society  into  Sections  shall  then  occupy  the  attention 
of  the  Association ;  when,  a  sufficient  expression  of  opinion  being  pro- 
cured, the  meeting  may  adjourn ;  and  the  Standing  Committee  shall 
immediately  proceed  to  divide  the  Association  into  Sections,  and  to 
allot  to  the  Sections  their  general  places  of  meeting.  The  Sections 
may  then  organize  by  electing  their  officers,  and  proceed  to  transact 
scientific  and  other  business. 

LOCAL   COMMITTEE. 

Rule  17.  The  Standing  Committee  shall  appoint  a  Local  Committee 
from  among  members  residing  at  or  near  the  place  of  meeting  for  the 
ensuing  year ;  and  it  shall  be  the  duty  of  the  Local  Committee,  asr 
sisted  by  the  officers,  to  make  arrangements  for  the  meeting. 

SUBSCRIPTIONS. 

Rule  18.  The  amount  of  the  annual  subscription  of  each  member 
of  the  Association  shall  be  two  dollars ;  and  one  dollar  in  addition 
shall  entitle  him  to  a  copy  of  the  proceedings  of  the  annual  meeting. 
The  members  attending  an  annual  meeting  shall  pay,  on  registering 

their  names,  an  additional  assessment  of dollars.    These  sub* 

scriptions  to  be  received  by  the  Treasurer  or  Secretary. 

Rule  19.  The  names  of  all  persons  two  years  and  more  in  arrears 
for  annual  dues,  shall  be  erased  from  the  list  of  members :  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  threa  months, 
shall  have  previously  b^en  given. 

ACCOUNTS. 

Rule  20.  The  accounts  of  the  Association  shall  be  audited  annually, 
by  auditors  appointed  at  each  meeting. 

ALTERATIONS   OF   THE  CONSTITUTION. 

RuLB  21.  No  article  of  this  Constitution  shall  be  altered  or  amended, 
without  the  concurrence  of  three  fourths  of  the  members  present,  nor 
unless  notice  of  the  proposed  amendment  or  alteration  shall  have  been 
given  at  the  preceding  annual  meeting. 


lUESOLUTIONS  AND  ENACTMENTS 

OF  A   PERMANENT   AND   PROSPECTIVE    CHARACTER, 

PASSED  PREVIOUS  TO  THE  EIGHTH  MEETING. 


Resohed^  That  copies  or  abstracts  of  all  communications  made, 
either  to  the  General  Association  or  to  the  Sections,  must  be  furnished 
by  the  authors ;  otherwise,  only  the  titles  shall  appear  in  the  published 
proceedings.  (Proceedings  First  Meetings  1848,  p.  138.) 

Resohed^  That  1,000  copies  of  the  Proceedings  of  the  Association 
be  published  in  pamphlet  form,  and  placed  at  the  disposal  of  the 
cbairman  of  the  Committee  on  Publication. 

(Proceedings  First  Meetings  1848,  p.  133.) 

Resohedj  That  a  numual  or  manuals  of  scientific  ohservcUion  and 
research^  especially  adapted  to  the  use  of  the  American  inquirer, 
comprising  directions  for  properly  observing  phenomena  in  every 
department  of  physical  science,  and  for  making  collections  in  natural 
history,  etc.,  whether  on  land  or  at  sea,  is  much  needed  at  the  present 
tiaie ;  and  that  such  a  publication,  placed  in  the  hands  of  officers  of 
the  army  and  navy,  would  greatly  tend  to  develop  the  natural  re- 
sources of  our  extended  country,  and  to  the  general  advancement  of 
science. 

Resolved^  That  the  American  Association  for  the  Advancement  of 
Science  cordially  recommends  the  Smithsonian  Institution  to  under- 
take the  preparation  of  such  a  volume,  under  the  editorial  superin- 
tendence of  its  Secretary,  to  be  published  in  its  series  of  reports. 

Resolved^  That  this  Association  will  cordially  co-operate  in  the  pro- 
duction of  such  a  manual  or  manuals,  in  whatever  manner  may  be 
best  adapted  to  secure  the  end  in  view. 

(Proceedings  Second  Meeting,  1849,  pp.  273,  351.) 
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Resolved^  That  no  paper  be  read  before  the  future  meetings  of  the 
Association,  unless  an  abstract  of  it  has  previously  been  presented  to 
the  Secretary. 

Resolved^  That  hereafter  all  books,  charts,  maps,  and  specimens, 
which  may  be  presented  to  the  Association,  shall  be  given  to  the 
Smithsonian  Institution. 

(Proceedings  Second  Meetings  1849,  p.  272.) 

Resohedy  That  a  Secretary  be  appointed,  who  shall  hold  his  office 
for  the  term  of  three  years,  and  shall  have  a  salary  of  $  300  per 
annum,  and  whose  duty  it  shall  be  to  compile  for  publication  all  pro- 
ceedings or  transactions  of  the  Association,  to  supermtend  the  publi- 
cation of  the  same,  and  to  conduct  the  correspondence ;  the  title  of 
said  officer  to  be  that  of  Permanent  Secretary  of  the  American  Asso- 
ciation. {Proceedings  Fourth  Meetings  1850,  p.  16.) 

Resolvedy  That  the  Standing  Committee  have  power  to  fix  the 
duties  of  the  Permanent  Secretary  of  this  Association. 

Resolved^  That  the  Permanent  Secretary  be  a  member,  ex  officio^ 
of  the  Standing  Committee. 

Resolved^  That  the  Permanent  Secretary  be  instructed  to  erase 
from  the  list  of  members  of  this  Association  the  names  of  all  who, 
by  the  return  of  the  Treasurer,  shall  appear  to  be  two  years  in  arrears 
for  annual  dues ;  suitable  notice  being  given  by  two  circulars  from 
the  Treasurer,  at  an  interval  of  three  months^  to  all  who  may  fall 
within  the  intent  of  this  resolution. 

Resohedy  That  the  Standmg  Committee  have  full  power  to  com- 
plete and  finish  any  outstanding  business  of  the  Association,  in  their 
name.  {Proceedings  Fourth  Meetings  1850,  p.  341.) 

Resolved^  That  a  copy  of  the  printed  volume  of  Proceedings  of  the 
Meetings  at  Philadelphia,  Cambridge,  and  New  Haven  be  presented 
to  the  libraries  of  Harvard  and  Yale. 

(Proceedings  Fourth  Meetings  1850,  p.  346.) 

Resolved,  That  the  Treasurer  be  requested  to  retain  $  300  of  the 
funds  in  his  hands,  and  belonging  to  the  Association,  for  the  purpose 
of  paying  the  salary  of  the  Permanent  Secretary ;  said  payment  to  be 
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made  at  such  time,  and  in  such  manner,  as  may  be  agreed  upon  by 
the  Treasurer  and  Permanent  Secretary. 

Resolvedj  That  copies  of  the  Proceedings  of  the  American  Asso- 
ciation be  presented  to  the  New  York  Lyceum  and  the  Philadelphia 
Academy  of  Natural  Sciences. 

Resolvedj  That  the  Permanent  Secretary  be  requested  to  provide 
minute-books,  suitably  ruled,  for  the  list  of  members  and  titles  of 
pi^iers,  minutes  of  the  general  and  sectional  meetings,  and  for  the 
other  purposes  indicated  in  the  rules. 

Resolved^  That  whenever  the  Permanent  Secretary  notices  any 
error  of  fact  or  unnecessary  repetition,  or  any  other  important  defect 
in  the  papers  communicated  for  publication  in  the  Proceedings  of  the 
Association,  that  he  be  authorized  to  commit  the  same  to  the  author, 
or  to  the  proper  sub-committee  of  the  Standing  Committee,  for  correc- 
tion. (Proceedings  Fourth  Meeting,  1850,  pp.  390, 391.) 

Resolved,  That  copies  of  tiie  Proceedmgs  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  be  presented  to  the  American 
Academy  of  Arts  and  Sciences,  Boston ;  to  the  Boston  Society  of 
Natural  History ;  to  the  New  York  Lyceum  of  Natural  History ;  to 
the  American  Philosophical  Society  and  to  the  Academy  of  Natural 
Sciences  of  Philadelphia ;  to  the  Smithsonian  Institution  ;  and  to  the 
Western  Academy  of  Natural  Sciences  at  Cincinnati. 

{Proceedings  Fifth  Meeting,  1851,  p.  249.) 

Resolved,  That  the  Standing  Committees  of  the  Sections  be  re- 
quested, before  the  close  of  the  meeting,  to  present  to  the  Permanent 
Secretary  a  list  of  the  papers  which  have  been  read  in  the  Sections, 
and  which  they  desire  to  have  published. 

Resolved,  That  hereafter  all  members  of  this  Association  are 
particularly  desired  to  forward  to  the  Permanent  Secretary,  so  as  to 
be  received  before  the  day  appointed  for  the  Association  to  convene, 
complete  titles  of  all  the  papers  which  they  expect  to  present  during 
its  meeting,  with  an  estimate  of  the  time  required  for  reading  each, 
and  such  abstracts  of  their  contents  as  may  give  a  general  idea  of 
their  nature. 

Resolved,  That  the  foregoing  resolution  form  part  of  the  Circular. 
{Proceedings  Sixth  Meeting,  1852,  p.  402.) 
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Resolvedy  That  the  annual  fee  of  membership  be  9  2.00 ;  and  that 
payment  of  an  additional  dollar  entitle  a  member  to  a  copy  of  the 
Proceedings  of  the  Meeting. 

Resolved^  That  all  members  of  the  Association  who  have  not  paid 
their  dues,  afler  the  issue  of  two  circulars  at  intervals  of  three  months, 
notifying  them  of  that  fact,  be  stricken  from  the  roll  by  the  Permanent 
Secretary. 

(Proceedings  Sixth  Meeting,  1852,  p.  402.) 

Whereas  the  provision  of  the  Constitution  appears  to  be  indefinite 
in  regard  to  the  term  of  service  of  the  chairmen  and  secretaries  of  the 
Sections,  — 

Resolved,  That  the  Sections  be  requested  to  direct  the  chairmen 
of  their  several  Standing  Committees  to  attend  to  the  current  busi- 
ness of  the  Section,  and  to  appoint  a  chairman  for  each  day  of  the 
meetmg. 

Resolved,  That  the  Sections  be  requested  to  appoint  a  secretary  for 
the  period  of  the  meeting,  whose  duty  it  shall  be  to  furnish  to  the 
Permanent  Secretary,  for  publication,  a  full  report  of  all  proceedings 
and  discussions. 

Resolved,  That  the  following  resolutions  be  presented  to  the  Asso- 
ciation at  the  opening  of  the  Cleveland  Meeting,  for  adoption :  — 

*•*'  1.  That  all  papers,  either  at  the  general  or  in  the  several  sectional 
meetings,  shall  be  read  in  the  order  in  which  they  are  entered  upon 
the  books  of  the  Association ;  except  that  those  which  may  be  entered 
by  a  member  of  the  Standing  Committee  of  the  Association  shall  be 
liable  to  postponement  by  the  Standing  Committees  of  the  Sections." 

If  this  regulation  shall  be  adopted  by  the  Association,  members 
will  recognize  the  expediency  of  entering  the  titles  of  their  communi- 
cations at  as  early  a  date  as  possible. 

'*  2.  That,  if  any  communication  should  not  be  ready  at  the  assigned 
time,  it  shall  be  dropped  to  the  bottom  of  the  list,  and  shall  not  be  en- 
titled to  take  precedence  of  any  subsequent  communication. 

"  3.  That  no  exchanges  shall  be  made  between  members,  without 
authority  of  the  respective  Standing  Committees.'' 

{Proceedings  Sixth  Meeting,  1852,  p.  405.) 
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Resohed,  That  the  names  of  those  only  shall  he  entered  in  the  list 
of  members  who  shall  have  signified  their  acceptance. 

{Proceedings  Seventh  Meetings  1853.) 

Resolved^  That  a  sum  not  exceeding  seventy«fiye  dollars  shall  be 
paid  to  the  Permanent  Secretary,  to  defray  the  expenses  necessary  for 
attending  each  meeting  of  the  Association. 

{Proceedings  Seventh  Meetings  1858.) 

IsL  Resohedj  That  priority  of  entry  of  a  paper  shall,  as  far  as 
practicable,  give  precedence  in  its  presentation ;  cases  of  exception  to 
be  decided  by  the  Standing  Committees  of  the  Sections. 

2d.  Resolved,  That,  if  any  communication  be  not  ready  at  the  as- 
signed time,  it  shall  be  dropped  to  the  bottom  of  the  list,  and  shall  not 
be  entitled  to  take-  precedence  of  any  subsequent  communication. 

3d.  Resolved,  That  no  exchange  shall  be  made  between  members 
without  authority  of  the  respective  Standing  Committees. 

{Proceedings  Seventh  Meeting,  1853.) 


Resolved,  That  the  following  members  be  requested  to  report  on 
the  subjects  respectively  assigned  to  them,  viz. :  — 

Peof.  a.  D.  Bache.     On  Recent  Additions  to  our  Knowledge  of  the 
Theory  of  Tides. 

Prof.  Joseph  Heney.      On  Recent  Additions  to  our  Knowledge  of 
the  Laws  of  Atmospheric  Electricity. 

Prof.  James  Hall.      On  Recent  Additions  to  our  Knowledge  of 
Paleozoic  Rocks. 

Prof.  J.  L.  Smith.     On  the  Recent  Progress  of  Micro-Chemistry. 

Prof.  Wolcoti  Gibes.     On  the  Recent  Progress  of  Organic  Chem- 

istry,     (This  report  was  made  at  the  Providence  Meeting.) 
Dr.  Joseph  Leidy.     On  the  Remains  of  Fossil  Reptiles  and  Mam* 

mals  in  North  America. 
Prof.  Benjamin  Peiece.     On  the  Present  State  of  the  Theory  of 

Planetary  Perturbations. 
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Dr.  W.  I.  BuBNETT.      On  Recent  Advances  in  Anatomy  and  Phys- 
iology, 

Prof.  Lotjis  Agassiz.     On  the  History  of  our  Knowledge  of  Alterna- 
tion of  Generation  in  Animals, 

Prof.  J.  D.  Dana.     On  the  Geographical  Distribution  of  the  Lower 
Animals, 

Prof.  L.  S.  Haldeman.     On  the  Present  State  of  our  Knowledge  of 
Linguistic  Ethnology, 

Dr.  B.  a.  Gould,  Jr.    On  the  Progress  and  Developments  of  the  Elec- 
tro-Chronographic  Method  of  Observation, 

{Proceedings  Seventh  Meetings  1853.) 


Reeolvedy  That  the  Standing  Committee  be  requested  to  print  the 
existing  Constitution,  and  the  Constitution  as  proposed  to  be  amended, 
and  to  distribute  copies  among  the  members  of  the  Association. 

{Proceedings  Eighth  Meetings  1854.) 

Resolved^  That  the  Committee  on  the  Constitution  of  the  Associa- 
tion be  continued,  and  requested  to  present  for  consideration  at  the 
next  meeting  a  plan  of  By-Laws. 

{Proceedings  Eighth  Meetings  1854.) 
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Addendttm. 
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The  above  list  contaios  six  handred  and  sixty-four  names,  of  which  fiftj-nine 
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PROFESSOR  JAMES  D,  DANA, 

PBESIDENT   OF  THE  AMEBICAN  ASSOCIATION  FOB  THE  TEAR  1864, 

OH  BKTIBIHQ  FROX  THB  DUTIES  OF  FXK8ZDSNT. 


Mu.  Pbbsibbnt  and  Gentlbmen  of  THB  Ambeican  Association  fob 
THB  Advancement  of  Science  :  — 

It  is  a  noble  object  that  invites  ns  to  these  annual  gather- 
ings. Leaving  the  broils  of  the  world  to  others,  we  come  to 
contemplate  together  the  teachings  of  God  in  nature.  We 
come  with  faith  in  that  word  which  is  written  around  and 
within  us,  believing  in  the  truthfulness  of  the  revelation,  and 
knowing  that  he  who  approaches  it  with  an  inquiring,  teach- 
able spirit,  ever  wakeful  to  the  still,  small  voice,  and  forgetful 
of  ambitious  self,  shall  find  the  truth  and  feel  its  benign  in- 
fluence. We  aim  to  decipher  some  new  words  in  the  volume 
of  Nature,  that  we  may  learn  the  will  of  Him  who  has  or- 
dered all  things  well,  and  comprehend  more  fully  His  laws  in 
the  government  of  the  universe. 

In  the  use  of  this  word  lato^  as  applied  to  nature,  we  are 
often  grossly  misunderstood.  Says  a  recent  writer,  somewhat 
contemptuously,  ^  The  philosopher  knows  no  better  the  cause 
of  the  law  of  gravitation  than  the  ignorant  man."  The 
author,  in  his  simplicity,  is  unaware  that  laws,  not  causes, 
are  the  end  of  true  philosophy.  We  seek  to  study  out  the 
method  of  God's  doings  in  nature,  and  enunciations  of  this 
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his  method  or  will  are  what  is  meant  by  the  "  laws  of  na- 
ture." If  those  who  look  coldly  on  science  knew  better  its 
aims,  we  should  hear  less  of  the  infidelity  of  the  term  lawj 
and  find  fewer  infidels  or  rejecters  of  that  revelation  which 
God  has  spread  out  before  us. 

We  know  that  this  is  not  the  only  revelation ;  that  another 
tells  man  of  his  duties  and  responsibilities,  of  the  celestial 
sympathy  which  surrounds  him,  and  his  immortal  destiny, — 
subjects  far  beyond  the  teachings  of  physical  or  brute  nature. 
The  one  is  but  the  complement  of  the  other ;  the  two  har- 
monious in  their  truths,  as  in  their  exalted  origin. 

Although  different  in  scope,  they  teach  alike  humility  and 
reverence.  To  the  vision  of  science,  there  is  nothing  in  na- 
ture minute  or  unworthy.  It  pities  the  feeling  that  would 
turn  with  contempt  from  the  meanest  created  thing.  For  it 
stops  not  with  mere  externals,  but  distinguishes  profound  re- 
lations and  universal  laws  beneath  the  surface.  Exhibit  the 
leaf  of  a  plant,  or  an  animalcule,  under  a  microscope,  to  a 
person  of  good  taste,  as  the  phrase  is,  and  he  will  appreciate 
the  beautiful  coloring  and  the  wonderful  forms  displayed ;  for 
form  and  color  are  media  of  real  beauty  in  nature,  and  there 
are  eyes  enough  to  admire.  But  let  another  look  whose  mind 
has  been  deeply  imbued  with  science,  and  profounder  beau- 
ties open  to  his  view ;  the  object  is  not  an  isolated  thing  of 
exquisite  tints  or  admirable  shape ;  it  takes  its  place  in  the 
vast  system  of  nature,  and  derives  grandeur  beyond  estimate 
from  its  relations  to  that  system.  Nature  becomes  a  living 
expression  —  as  full  as  is  possible  in  finite  language — of 
the  perfections  of  the  Supreme  Architect,  with  whom  to 
create  has  ever  been  to  evolve  beauty  amid  displays  of  wis- 
dom and  beneficence.  And  the  devout  mind  finds  deeper 
meaning  in  the  words  Reverence  and  Humility,  and  cease- 
less promptings  to  his  Gratitude  and  Love. 

We  have  reason  for  gratulation  that  correct  views  respect- 
ing Natural  and  Physical  Science  are  rapidly  becoming 
general  throughout  our  land.      Among  its  votaries,  while 
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every  new  fact  is  heartily  welcomed  to  its  place,  there  is  a 
strong  distaste  for  human  fancies  as  a  substitute  for  divine 
truths,  or  for  theories  without  a  broad  basis  of  ascertained 
facts.  Moreover,  there  is,  at  large,  an  appreciation  of  the 
value  of  science,  not  merely  for  its  baser  purpose  of  turning 
everything  into  gold,  but  for  its  nobler  end  of  opening  the 
earlier  revelation.  The  means  also  for  the  prosecution  of 
science  are  gradually  extending,  and  it  is  favorably  recog- 
nized, with  hardly  an  exception,  in  all  the  literary  institutions 
of  the  country,  though  not  generally  raised  to  that  honorable 
place  which  it  may  expect  in  the  future. 

Happily,  too,  there  is  much  to  encourage  extended  research 
in  the  opportunities  now  before  us  for  the  publication  of 
elaborate  original  memoirs.  Not,  indeed,  in  the  small  treas- 
ury of  this  Association,  which  boasts  more  of  the  mutual 
good-will  and  the  ideas  it  elicits  than  of  its  moneyed  re- 
sources, but  in  the  transactions  of  different  scientific  societies 
or  academies  and  the  periodical  press,  and  pre-eminently  in 
the  Smithsonian  Institution,  through  the  munificence  of 
Smithson,  who  gave  his  fortune  expressly  for  this  end,  —  the 
increase  and  diffusion  of  knowledge  among  men.  It  has  been 
recently  attempted  to  strike  out  the  idea^  if  not  the  word  in- 
creasej  and,  in  equal  wisdom,  it  was  thought  to  diffuse  knowU 
edge  over  this  extended  territory  and  the  world  by  stationing 
a  collection  of  books  at  Washington.  Fortunately  for  knowl- 
edge and  the  country  such  counsels  have  not  prevailed.  The 
funds  for  publication  and  for  its  other  legitimate  purposes  are, 
in  fact,  lamentably  small.  An  annual  income  of  thirty-one 
thousand  dollars,  diminished  one  third  by  the  incidental  ex- 
penses of  the  Institution,  is  a  meagre  allowance.  The  com- 
plete elaboration  and  publication  yearly  of  the  meteorological 
results,  from  the  facts  now  constantly  coming  in,  would  alone 
require  half  the  available  publication  fund ;  and,  on  account 
of  its  expense,  has  not  yet  been  attempted.  And  what  shall 
be  said  of  other  departments,  and  the  costly  illustrations 
which  detailed  investigations  require  ?     It  is  well  the  country 
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has  what  it  has.  It  would  be  vastly  more  for  its  interests, 
and  for  the  increase  and  difTasion  of  knowledge  among  men, 
if  the  resources  for  publication  were  tenfold  larger. 

In  selecting  a  topic  for  this  occasion,  I  have  not  been  with- 
out perplexity.  Before  an  Association  for  the  Advancement 
of  Science,  —  science  in  its  wide  range,  —  a  discourse  on  the 
progress  of  science  in  America  for  the  past  year  would 
seem  legitimate.  Yet  it  is  a  fact  that  the  original  memoirs 
in  most  departments,  published  within  that  period,  would 
make  a  very  meagre  list.  Moreover,  it  is  too  much  to  expect 
of  any  one  to  roam  over  other's  territories,  lest  he  ignorantly 
gather  for  you  noxious  weeds.  I  have,  therefore,  chosen  to 
confine  myself  to  a  single  topic,  that  of  Geology ;  and  I  pro- 
pose, instead  of  simply  reviewing  recent  geological  papers,  to 
restrict  myself  to  some  of  the  general  conclusions  that  flow 
from  the  researches  of  American  geologists,  and  the  bearing 
of  the  facts  or  conclusions  on  geological  science.  I  shall 
touch  briefly  on  the  several  topics,  as  it  is  a  subject  that 
would  more  easily  be  brought  into  the  compass  of  six  hours 
than  one.  In  drawing  conclusions  among  conflicting  opin- 
ions, or  on  points  where  no  opinion  has  been  expressed,  I 
shall  endeavor  to  treat  the  subject  and  the  views  of  others 
in  all  fairness,  and  shall  be  satisfied  if  those  who  differ  from 
me  shall  acknowledge  that  I  have  honestly  sought  the  truth. 

In  the  first  place,  we  should  have  a  clear  apprehension  of 
the  intent  or  aim  of  Geological  Science.  It  has  been  often 
said,  that  Geology  is  a  history^  the  records  of  which  are 
written  in  the  rocks;  and  such  is  its  highest  department 
But  is  this  clearly  appreciated  ?  If  so,  why  do  we  find  text- 
books, even  the  one  highest  in  authority  in  the  English  lan- 
guage, written  back  end  foremost,  —  like  a  History  of  Eng- 
land commencing  with  the  reign  of  Victoria.  In  history,  the 
phases  of  every  age  are  deeply  rooted  in  the  preceding,  and 
intimately  dependent  on  the  whole  past.  There  is  a  literal 
unfolding  of  events  as  time  moves  on,  and  this  is  eminently 
true  of  Geology. 
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Geology  is  not  simply  the  science  of  rocks,  for  rocks  are 
bnt  incidents  in  the  earth's  history,  and  may  or  may  not  have 
been  the  same  in  distant  places.  It  has  its  more  exalted  end, 
—  even  the  study  of  the  progress  of  life  from  its  earliest  dawn 
to  the  appearance  of  man ;  and  instead  of  saying  that  fossils 
are  of  use  to  determine  rocks,  we  should  rather  say  that  the 
rocks  are  of  use  for  the  display  of  the  succession  of  fossils. 
Both  statements  are  correct ;  but  the  latter  is  the  fundamen- 
tal truth  in  the  science. 

From  the  progress  of  life,  geological  time  derives  its  di- 
vision into  Ages,  as  has  been  so  beautifully  exhibited  by 
Agassiz.  The  successive  phases  in  the  progress  of  life  are 
the  great  steps  in  the  earth's  history.  What  if  in  one  country 
the  rocks  make  a  consecutive  series  without  any  marked  in- 
terruption between  two  of  these  great  ages,  while  there  is  a 
break  or  convenient  starting-point  in  another ;  does  this  alter 
the  actuality  of  the  ages  ?  It  is  only  like  a  book  without 
chapters  in  one  case,  and  with  arbitrary  sections  in  another. 
Again,  what  if  the  events  characteristic  of  an  age — that  is, 
in  Geology,  the  races  of  plants  or  animals  —  appear  to  some 
extent  in  the  preceding  and  following  ages,  so  that  they  thus 
blend  with  one  another?  It  is  but  an  illustration  of  the  prin- 
ciple just  stated,  that  time  is  one.  Ages  have  their  progres- 
sive  development,  flowing  partly  out  of  earlier  time,  and  cast- 
ing their  lights  and  shadows  into  the  far  future.  We 
distinguish  the  ages  by  the  culmination  of  their  great  charac- 
teristics, as  we  woald  mark  a  wave  by  its  crest. 

Divisions  of  time  subordinate  to  the  great  ages  will  neces- 
sarily depend  on  revolutions  in  the  earth's  surface,  marked  by 
abrupt  transitions  either  in  the  organic  remains  of  the  region, 
or  in  the  succession  of  rocks.  Sach  divisions  are  not  univer- 
sal. Each  continent  has  its  own  periods  and  epochs,  and  the 
geologists  of  New  York  and  other  States  have  wisely  recog- 
nized this  fact,  disregarding  European  stages  or  subdivisions. 
This  is  as  true  a  principle  for  the  Cretaceous  and  Tertiary,  as 
for  the  Silurian  and  Devonian.     The  usurpation  of  Cromwell 
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made  an  epoch  in  English  annals ;  not  in  the  French  or 
Chinese.  We  should  study  most  carefully  the  records,  before 
admitting  that  any  physical  event  in  America  was  contempo- 
raneous with  a  similar  one  in  Europe.  The  unity  in  geologi- 
cal history  is  in  the  progess  of  life  and  in  the  great  physical 
causes  of  change,  not  in  the  succession  of  rocks. 

The  geological  ages,  as  laid  down  by  Agassiz,  are  the  fol- 
lowing:—  L  The  Age  of  Fishes,  including  the  Silurian 
and  Devonian;  11.  The  Age  of  Reptiles,  embracing  from 
the  Carboniferous  through  the  Cretaceous ;  IIL  The  Age  of 
Mammals,  the  Tertiary  and  Post-tertiary ;  IV.  The  Age  of 
Man,  or  the  recent  era  ;  — fishes  being  regarded  as  the  highest 
and  characteristic  race  of  the  first  age ;  reptiles  of  the  second ; 
and  mammals  of  the  third. 

More  recent  researches  abroad,  and  also  the  investigations 
of  Mr.  Hall  in  this  country,  have  shown  that  the  supposed 
Fish  remains  of  the  Silurian  are  probably  fragments  of  Crus- 
tacea, if  we  except  those  of  certain  beds  near  the  top  of  the 
Silurian  ;  and  hence  the  Age  of  Fishes  properly  begins  with 
the  Devonian.  What  then  is  the  Silurian?  It  is  pre-emi- 
nently the  Age  of  Mollusks. 

Unlike  the  other  two  Invertebrate  sub-kingdoms,  the  JRadt" 
aie  and  Articulate^  which  abo  appear  in  the  earliest  fossilifer- 
ous  beds,  the  Molluscan  sub-kingdom  is  brought  out  in  all  its 
grander  divisions.  There  is  not  simply  the  type,  but  the 
type  analyzed  or  unfolded  into  its  several  departments,  from 
the  Brachiopods  and  Bryozoa  up  to  the  highest  group  of 
all,  the  Cephalopods.  And  among  these  Cephalopods,  al- 
though they  may  have  been  inferior  in  grade  to  some  of  later 
periods,  there  were  species  of  gigantic  size,  the  shell  reaching 
a  length  of  ten  or  twelve  feet  The  Silurian  is  therefore  most 
appropriately  styled  the  Molluscan  Age. 

The  Palaeozoic  Trilobites  were  the  lowest  among  Crusta- 
cea, and  Crustacea  rank  low  among  Articulates.  Moreover, 
Crustacea  (and  the  Articulata  in  general)  did  not  reach  their 
fullest  development  until  the  Human  Era. 
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The  Kadiata  were  well  represented  in  the  Silurian  periods; 
bat,  while  inferior  to  the  Mollasca  as  a  sub-kingdom,  only 
corals  and  crinoids,  the  lower  fixed  or  vegetative  species,  with 
rare  exceptions,  occur  in  the  Silurian  or  Molluscan  Age. 

The  Articulata  and  Radiata  thus  begin  early,  but  with  only 
the  lower  forms  in  each,  and  neither  is  a  leading  class  in  any 
age. 

Viewing  the  history,  then,  zooU^aUy^  the  ages  are  —  the 
Age  of  Molluaks,  of  Fishes,  of  Reptiles,  of  Mammals,  of  Man. 

"We  may  now  change  the  point  of  view  to  the  Vegetable 
Kingdom.    The  ages  thence  indicated  would  be  three:  — 

L  The  Age  of  Algcdj  or  marine  plants,  corresponding  to 
the  Silurian  and  Devonian. 

IL  The  Age  of  Acrogens^  or  flowerless  trees,  that  is,  the 
Lepidodendra,  Sigillarias,  and  Calamites,  —  corresponding  to 
the  Coal  Period  and  Permian ;  —  a  name  first  proposed  by 
Brongniart,  and  which  may  still  be  retained,  as  it  is  far  from 
certain  that  the  SigillarieB  and  Calamites  are  most  nearly  re- 
lated to  the  Conifers. 

IIL  The  Age  of  Angiosperms^  or  our  common  trees,  like  the 
Oak,  Elm,  &c.,  beginning  with  the  Tertiary. 

The  interval  between  the  second  and  third  of  these  ages  is 
occupied  mainly  by  Conifer®,  the  Pine  tribe,  and  Cycadece, 
the  tme  Gymnosperms,  species  of  which  were  abundant  in 
the  Coal  Period,  and  have  continued  common  ever  since. 
The  Coniferse,  in  the  simplicity  of  their  flowers  and  their 
naked  seeds,  are  next  akin  to  the  Acrogens  or  flowerless  trees. 
Although  in  the  main  a  flowerless  vegetation,  for  the  few  sup- 
posed remains  of  flowers  observed  abroad  have  been  recently 
referred  to  undeveloped  leaf-buds,  it  appears  probable  from 
the  observations  of  Dr.  Newberry,  that  there  were  some  true 
flowers  over  the  Ohio  prairies,  —  apparently  monocotyledo- 
nous,  and  related  to  the  lily  tribe.  But  no  traces  of  Palms 
or  monocotyledonous  trees  have  been  found  in  the  coal-fields 
of  ibis  country. 

Combining  the  results  from  the  animal  and  vegetable  king- 
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doms,  we  should  introduce  the  Age  of  Acrogens,  for  the  Coal 
Period  and  Permian,  between  the  Age  of  Fishes  and  Age  of 
Reptiles,  —  a  space  in  time  zoologically  occupied  by  the  over- 
lapping of  these  two  ages. 

The  order  then  reads,  the  Age  of  Mollusks,  of  Fishes,  of 
AcRooENs  or  coal  plants,  of  Reptiles,  of  Mammals,  of  Man. 

The  limits  of  these  ages  are  as  distinct  as  history  admits 
of;  their  blendings  where  they  join,  and  the  incipient  appear- 
ance of  a  type  before  the  age  it  afterwards  characterized  fully 
opens,  are  in  accordance  with  principles  already  explained. 

The  reality  of  progress  from  lower  to  higher  forms  is  not 
more  strongly  marked  in  these  names,  properly  applied,  than 
in  the  rocks.  If,  hereafter,  mammals,  reptiles,  or  fishes  are 
found  a  little  lower  than  now  known,  it  will  be  changing  but 
a  sentence  in  the  history,  —  not  the  grand  idea  which  per- 
vades it. 

A  theory  lately  broached  by  one  whose  recent  death  has 
caused  universal  grief  to  science,  supposes  that  the  Reptilian 
was  an  age  of  diminished  life,  between  the  two  extremes  in 
time,  the  Palaeozoic  and  Mammalian  Ages.  But,  in  fact,  two 
grand  divisions  of  animals,  the  MoUuscan  and  Reptilian,  at 
this  time  reach  their  climax  and  begin  their  decline,  and  this 
is  the  earliest  instance  of  the  highest  culmination  of  a  grand 
zoological  type. 

Preceding  the  Silurian  or  Moiluscan  Age,  there  is  the  Azoic 
Age,  or  age  without  animal  life.  It  was  so  named  by  Murchi- 
son  and  De  Verneuil,  and  first  recognized  in  its  full  impor- 
tance, and  formally  announced,  in  this  country,  in  the  Geologi- 
cal Report  of  Messrs.  Foster  and  Whitney,  although  previ- 
ously admitted,  in  an  indefinite  way,  by  most  geologists. 

It  embraces  all  the  lowest  rocks,  up  to  the  Silurian,  for 
much  of  the  lowest  granite  cannot  be  excluded. 

The  actual  absence  of  animal  life  in  the  so-called  Azoic 
Age  in  this  country  is  rendered  highly  probable,  as  Foster  and 
Whitney  show,  by  the  fact  that  many  of  the  rocks  are  slates 
and  sandstones,  like  fossiliferous  Silurian  rocks,  and  yet  have 
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no  fossils;  and  moreover,  the  beds  on  this  continent  were 
uplifted  and  folded,  and,  to  a  great  extent,  crystallized,  on  a 
vast  scale,  before  the  first  Silarian  layers  were  deposited.  A 
grand  revolution  is  here  indicated,  apparently  the  closing 
event  of  the  early  physical  history  of  the  globe. 

As  plants  may  live  in  water  too  hot  or  impure  for  animals, 
and  moreover,  since  all  nature  exemplifies  the  principle  that 
the  earth's  surface  was  occupied  with  life  as  soon  as  fitted, 
and  with  the  highest  forms  the  conditions  of  the  time 
allowed,  we  may  reasonably  infer  that  there  may  have  been 
in  Azoic  times  marine  species  and  plant-infusoria,  forms 
adapted  to  aid  in  the  earth's  physical  history ;  and  thus  vege- 
tation may  have  long  preceded  animal  life  on  the  globe. 

After  these  general  remarks  on  the  divisions  of  Geological 
time,  I  now  propose  to  take  up  the  characteristic  features  and 
succession  of  events  in  American  Geology. 

In  the  outset  we  are  struck  with  the  comparative  simplicity 
of  the  North  American  continent,  both  in  form  and  structure. 
In  outline  it  is  a  triangle,  the  simplest  of  mathematical 
figures ;  in  tutface^  it  is  only  a  vast  plain  lying  between  two 
mountain  ranges,  one  on  either  border,  the  Appalachian  from 
Labrador  to  Alabama  on  the  east,  the  Rocky  Mountains  on 
the  west;  and  on  its  contour  it  has  water,  east,  west,  north, 
and  south. 

Observe  too  that  its  border  heights  are  proportioned  to  the 
size  of  the  oceans.  A  lofty  chain  borders  the  Pacific,  a  low 
one  the  narrow  Atlantic,  while  the  small  Arctic  is  faced  by 
no  proper  mountain  range. 

This  principle,  that  the  highest  mountains  of  the  conti- 
nents face  the  largest  oceans,  is  of  wide  application,  and  un- 
locks many  mysteries  in  Physical  Geography.  South  Amer- 
ica lies  between  the  same  oceans  as  North  America ;  it  has 
its  eastern  low  range,  its  western  Andes ;  and  as  the  oceans 
widen  southward,  the  continent  is  there  pinched  up  almost 
to  a  narrow  mountain  ridge.  It  differs  from  North  America 
in  having  a  large  expanse  of  ocean,  the  Atlantic,  on  the  north. 
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and,  correspondingly,  it  has  its  northern  mountain  ridge.  The 
world  is  full  of  such  illustrations,  but  I  pass  them  by. 

This  simplicity  of  ocean  boundary,  of  surface  features,  and 
of  outline,  accounts  for  the  simplicity  of  geological  structure 
in  North  America;  or  we  may  make  the  wider  statement, 
that  all  these  qualities  are  some  way  connected  with  the 
positions  and  extent  of  the  oceans,  they  seeming  to  point  to 
the  principle,  that  the  subsidence  of  the  oceanic  basins  had 
determined  the  continental  features;  and  that  both  results 
were  involved  in  the  earth's  gradual  refrigeration,  and  conse- 
quent contraction. 

America  has  thus  the  simplicity  of  a  single  evolved  result 
Europe,  on  the  contrary,  is  a  world  of  complexities.  It  is  but 
one  corner  of  the  Oriental  continent,  which  includes  Europe, 
Asia,  and  Africa,  and  while  the  ocean  bounds  it  on  the  north 
and  west,  continental  lands  inclose  it  on  the  south  and  east. 
It  has  ever  been  full  of  cross  purposes.  American  strata 
often  stretch  from  the  Atlantic  west  beyond  the  Mississippi ; 
and  east  of  the  Rocky  Mountains,  it  has  but  one  proper 
mountain  range  of  later  date  than  the  Silurian.  Europe  is 
much  broken  up  into  basins,  and  has  mountains  of  all  ages : 
even  the  Alps  and  Pyrenees  are  as  recent  as  the  Tertiary. 

This  wide  contrast  accounts  for  the  greater  completeness 
or  generality  of  American  revolutions,  the  more  abrupt  limits 
of  periods,  and  clearer  exhibition  of  many  geological  prin- 
ciples. 

The  geological  structure  of  this  country  has  bden  made 
known  through  the  combined  researches  of  a  large  number  of 
investigators.  The  names  of  Maclure,  Silliman,  Eaton, 
lead  off  the  roll ;  Hitchcock,  the  Professors  Rogers,  the  well- 
known  Geologists  of  the  New  York  Survey,  Owen, 
Percival,  Morton,  Conrad,  Tuomey,  and  many  others,  have 
made  large  contributions  to  the  accumulating  results.  Yet 
the  system  may  be  said  to  have  been  mainly  laid  open  by 
four  sets  of  observers, —  Morton  for  the  Cretaceous ;  Conrad 
for  the  Tertiary;  the  New  York  Geologists  for  the  Palaeo- 
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zoic  strata;  and  the  Professors  Rogers  for  the  Carboniferous 
beds  and  the  Appalachians. 

The  succession  of  Silurian  and  Devonian  rocks  in  the  State 
of  New  York  is  the  most  complete  in  the  country,  and  it  was 
well  for  the  science  that  its  rocks  were  so  early  studied,  and 
with  such  exactness  of  detail.  The  final  display  of  the 
Palaeontology  by  Mr.  James  Hall  has  given  great  precision 
to  the  facts,  and  the  system  has  thereby  become  a  standard 
of  comparison  for  the  whole  country,  and  even  for  the  world. 

This  accomplished,  the  carboniferous  rocks  were  still  to  be 
registered,  and  the  grand  problem  of  New  England  Geology 
solved.  The  Professors  Rogers,  in  the  surveys  of  Pennsyl- 
vania and  Virginia,  followed  out  the  succession  of  strata  from 
the  Devonian  through  the  Coal  Period,  and  thus,  in  a  gen- 
eral way,  completed  the  series.  And  more  than  this,  they 
unravelled  with  consummate  skill  the  contortions  among  the 
Appalachians,  bringing  order  out  of  confusion,  and  elucidat- 
ing a  principle  of  mountain-making  which  is  almost  universal 
in  its  application.  They  showed  that  the  Silurian,  Devonian, 
and  Carboniferous  strata,  which  were  originally  laid  out  in 
horizontal  layers,  were  afterwards  pressed  on  to  the  north- 
westward, and  folded  up  till  the  folds  were  of  mountain 
height,  and  that  thus  the  Appalachians  had  their  origin ;  and 
also  that,  by  the  escaping  heat  of  those  times  of  revolution, 
extensive  strata  were  altered,  or  even  crystallized. 

This  key  soon  opened  to  us  a  knowledge  of  New  England 
Geology,  mainly  through  the  labors  of  Mr.  Hall,  and  also  of 
Professor  H.  D.  Rogers,  following  up  the  survey  of  President 
Hitchcock ;  and  now  these  so-called  primary  rocks,  granite, 
gneiss,  schists,  and  crystalline  limestones,  once  regarded  as 
the  oldest  crystallizations  of  a  cooling  globe,  are  confidently 
set  down  as  for  the  most  part  no  older  than  the  Silurian,  De- 
vonian, and  Carboniferous  of  New  York  and  Pennsylvania. 

Let  us  now  briefly  review  the  succession  of  epochs  in 
American  geological  history. 

The  Azoic  Age  ended,  as  was  observed,  in  a  period  of  ex- 
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tensive  metamorphic  action  and  disturbance,  —  in  other 
words,  in  a  vast  revolution.  At  its  close,  some  parts  of  the 
continent  were  left  as  dry  land,  which  appear  to  have  re- 
mained so,  as  a  general  thing,  in  after  times;  for  no  sub- 
sequent strata  cover  them.  Such  are  a  region  in  Northern 
New  York,  others  about  and  beyond  Lake  Superior,  and  a 
large  territory  across  the  continent  from  Labrador  westward, 
as  recognized  by  Messrs.  Whitney  and  Hall,  and  the  geolo- 
gists of  Canada. 

The  Silurian  or  MoUuscan  Age  next  opens.  The  lowest 
rock  is  a  sandstone,  one  of  the  most  widely  spread  rocks  of 
the  continent,  stretching  from  New  England  and  Canada 
south  and  west,  and  reaching  beyond  the  Mississippi,  —  how 
far  is  not  known.  And  this  first  leaf  in  the  record  of  life  is 
like  a  title-page  to  the  whole  volume,  long  afterwards  com- 
pleted ;  for  the  nature  of  the  history  is  here  declared  in  a  few 
comprehensive  enunciations. 

1.  The  rock,  from  its  thin,  even  layers,  and  very  great  ex- 
tent, shows  the  wide  action  of  the  ocean  in  distributing  and 
working  over  the  sands  of  which  it  was  made ;  and  the  ocean 
ever  afterwards  was  the  most  active  agency  in  rock-making. 

2.  Moreover,  ripple-marks,  such  as  are  made  on  our  present 
sea-shores  or  in  shallow  waters,  abound  in  the  rock,  both 
through  the  east  and  west,  and  there  are  other  evidences  also 
of  moderate  depths,  and  of  emerged  land  ;  they  all  announce 
the  wonderful  fact,  that  even  then,  in  that  early  day,  when 
life  first  began  to  light  up  the  globe,  the  continent  had  its 
existence :  —  not  in  embryo,  but  of  full-grown  extent ;  and 
the  whole  future  record  is  but  a  working  upon  the  same 
basis,  and  essentially  within  the  same  limits.  It  is  true  that 
but  little  of  it  was  above  the  sea,  but  equally  true  that  little 
of  it  was  at  great  depths  in  the  ocean. 

3.  Again,  in  the  remains  of  life  which  appear  in  the  earliest 
layers  of  this  primal  rock,  three  of  the  four  great  branches  of 
the  Animal  Kingdom  are  represented,  —  Mollusks,  Trilobites 
among  Articulates,  and  Corals  and  Crinoids  among  Radi- 
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atea,  —  a  sufficient  representation  of  life  for  a  title-page.  The 
New  York  beds  of  this  rock  had  afforded  only  a  few  Mollusks ; 
but  the  investigations  of  Owen  in  Wisconsin  have  added  the 
other  tribes ;  and  this  diversity  of  forms  is  confirmed  by  Bjr- 
rande  in  his  Bohemian  researches. 

Among  the  genera,  while  the  most  of  them  were  ancient 
forms  that  afterwards  became  extinct,  and  through  succeeding 
ages  thousands  of  other  genera  appeared  and  disappeared, 
the  very  earliest  and  most  universal  was  one  that  now  exists, 
—  the  genns  LingulOj  —  thus  connecting  the  extremes  of 
time,  and  declaring  most  impressively  the  unity  of  creation. 
Mr.  T.  S.  Hunt,  of  the  Canada  Geological  Survey,  recently 
discovered  that  the  ancient  shell  had  the  anomalous  chemical 
constitution  of  bones,  being  mainly  phosphate  of  lime ;  and 
afterwards  be  found  in  a  modern  Lingula  the  very  same  com- 
position, —  a  further  announcement  of  the  harmony  between 
the  earliest  and  latest  events  in  geological  history. 

This  earliest  sandstone,  —  called  in  New  York  the  Pots- 
dam sandstone,  —  and  the  associate  Calciferous  Sand-rock, 
mark  off  the  First  Period  of  the  Molluscan  Age,  —  the  Pots- 
dam Period,  as  it  may  be  called. 

Next  followed  the  Teenton  Period,  —  a  period  of  lime- 
stones, (the  Trenton  limestone  among  them,)  equal  to  the 
earlier  beds  in  geographical  limits,  and  far  more  abundant  in 
life,  for  some  beds  are  literally  shells  and  corals  packed  down 
in  bulk :  yet  the  species  were  new  to  the  period,  the  former 
life  having  passed  away ;  and  even  before  the  Trenton  Period 
closed,  there  were  one  or  two  epochs  of  destruction  of  life 
followed  by  new  creations.  The  formation  of  these  lime- 
stone beds  indicates  an  increase  in  the  depth  of  the  continen- 
tal seas,  —  an  instance  of  the  oscillation  of  level  to  which  the 
earth's  crust  was  almost  unceasingly  subject  through  all  geo- 
logical ages  until  the  present 

After  the  Trenton  Period,  another  change  came  over  the 
continent,  and  clayey  rocks  or  shales  were  formed  in  thick 
deposits  in  New  York,  and  south,  —  the  XTtica  slate  and  Hud- 
2 


14  ADDRESS   OF    THE    PRESIDENT 

son  River  shales,  —  while  limestones  were  continued  in  the 
West  This  is  the  Hudson  Period  ;  and  with  it,  the  Lower 
Silurian  closed. 

The  seas  were  then  swept  of  their  life  again,  and  an  abrupt 
trafnsition  took  place  both  in  species  and  rocks.  A  conglom- 
erate covered  a  large  part  of  New  York  and  the  States  south, 
its  coarse  material  evidence  of  an  epoch  of  violence  and  ca- 
tastrophe :  and  with  this  deposit  the  Upper  Silurian  began. 

The  Upper  Silurian  had  also  its  three  great  periods,  —  the 
Niagara,  the  Onondaga,  and  the  Lower  Helderberg,  besides 
many  subordinate  epochs,  —  each  characterized  by  its  peculiar 
organic  remains,  —  each  evidence  of  the  nearly  or  quite  uni- 
versal devastation  that  preceded  it,  and  of  the  act  of  omnipo- 
tence that  reinstated  life  on  the  globe,  —  each,  too,  bearing 
evidence  of  shallow  or  only  moderately  deep  waters  when 
they  were  formed ;  and  the  Onondaga  Period  —  the  period  of 
the  New  York  salt  rocks  —  telling  of  a  half-emerged  conti- 
nent of  considerable  extent. 

Another  devastation  took  place,  and  then  opened,  as  De 
Verneuil  has  shown,  the  Devonian  Age,  or  Age  of  Fishes.  It 
commenced,  like  the  Upper  Silurian,  with  coarse  sandstones, 
evidence  of  a  time  of  violence ;  these  were  followed  by  an- 
other grit  rock,  whose  few  organic  remains  show  that  life  had 
already  reappeared.  Then  another  change,  —  a  change  evi- 
dently in  depth  of  water, —  and  limestones  were  forming  over 
the  continent,  from  the  Hudson  far  westward :  the  whole  sur- 
face became  an  exuberant  coral  reef,  far  exceeding  in  extent, 
if  not  in  brilliancy,  any  modern  coral  sea ;  for  such  was  a 
portion,  at  least,  of  the  Upper  Helderberg  Period. 

Again  there  was  a  general  devastation,  leaving  not  a  trace 
of  the  former  life  in  the  wide  seas ;  and  where  were  coral 
reefs,  especially  in  the  more  eastern  portion  of  the  continents 
seas,  sandstones  and  shales  accumulated  for  thousands  of  feet 
in  thickness,  with  rarely  a  thin  layer  of  limestone.  Thus 
passed  the  Hamilton,  Chemung,  and  Catskill  Periods,  of 
the  Devonian  age.    The  life  of  these  regions,  which  in  some 
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epochs  was  exceedingly  profuse,  was  three  or  four  times  de- 
stroyed and  renewed : —  not  renewed  by  a  re-creation  of  the 
same  species,  but  by  others;  and  although  mostly  like  the 
earlier  in  genera,  yet  each  having  characteristic  marks  of  the 
period  to  which  it  belonged.  And  while  these  Devonian  Pe- 
riods were  passing,  the  first  land  plants  appeared,  foretellers 
of  the  Age  of  Verdure,  next  to  follow. 

Then  come  vast  beds  of  conglomerate,  a  natural  opening 
of  a  new  chapter  in  the  record ;  and  here  it  is  convenient  to 
place  the  beginning  of  the  Carboniferous  Age,  or  the  Age  of 
AcROGENs.  Sandstones  and  shales  succeeded,  reaching  a 
thickness,  in  Pennsylvania  and  New  Jersey,  according  to  Pro- 
fessor Rogers,  of  thousands  of  feet ;  while  in  the  basin  of  the 
Ohio  and  Mississippi,  in  the  course  of  this  era,  the  Carbonif- 
erous limestone  was  forming  from  immense  crinoidal  planta- 
tions in  the  seas. 

Another  extermination  took  place  of  all  the  beautiful  life 
of  the  waters,  and  a  conglomerate  or  sandstone  was  spread 
over  the  encrinital  bed:  and  this  introduced  the  true  coal 
period  of  the  Carboniferous  Age ;  —  for  it  ended  in  leaving 
the  continent,  which  had  been  in  long-continued  oscillations, 
quite  emerged.  Over  the  regions  where  encrinites  were 
blooming,  stretch  out  vast  prairies  or  wet  meadows  of  the 
luxuriant  coal  vegetation.  The  old  system  of  oscillations  of 
the  surface  still  continues,  and  many  times  the  continent 
sinks  to  rise  again,  —  in  the  sinking,  extinguishing  all  conti- 
nental life,  and  exposing  the  surface  to  new  depositions  of 
sandstone,  clays,  or  limestone  over  the  accumulated  vegeta- 
ble remains;  in  the  rise,  depopulating  the  seas  by  drying 
them  up,  and  preparing  the  soil  for  verdure  again,  or  at  times 
convulsive  movements  of  the  crust  carry  the  seas  over  the 
land,  leaving  destruction  behind :  and  thus  by  repeated 
alternations  the  coal  period  passes,  some  six  thousand  feet  of 
rock  and  coal-beds  being  fornied  in  Pennsylvania,  and  four- 
teen thousand  feet  in  Nova  Scotia. 

I  have  passed  on  in  rapid  review,  in  order  to  draw  attention 
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to  the  series  or  succession  of  cbanges,  instead  of  details.  So 
brief  an  outline  may  lead  a  mind  not  familiar  with  the  sub- 
ject to  regard  the  elapsed  time  as  short;  whereas  to  one  who 
follows  out  the  various  alternations  and  the  whole  order  of 
events,  the  idea  of  time  immeasurable  becomes  almost  oppres- 
sive. 

Before  continuing  the  review,  I  will  mention  some  conclu- 
sions which  are  here  suggested. 

I.  In  the  first  place,  through  the  periods  of  the  Silurian  and 
Devonian,  at  twelve  distinct  epochs,  at  least,  the  seas  over 
this  American  continent  were  swept  of  all,  or  nearly  all,  exist- 
ing life,  and  as  many  times  it  was  repeopled :  and  this  is 
independent  of  many  partial  exterminations  and  renewals  of 
life  that  at  other  times  occurred. 

If  Omnipotent  Power  had  been  limited  to  making  mxmads 
for  after  development  into  higher  forms,  many  a  time  would 
the  whole  process  have  been  utterly  frustrated  by  hot  water, 
or  by  mere  changes  of  level  in  the  earth's  crust,  and  creation 
would  have  been  at  the  mercy  of  dead  forces.  The  surface 
would  have  required  again  and  again  the  sowing  of  monads, 
and  there  would  have  been  a  total  failure  of  crops  after  all ; 
for  these  exterminations  continue  to  occur  through  all  geo- 
logical time  into  the  Mammalian  Age. 

II.  Again :  I  have  observed  that  the  continent  of  North 
America  has  never  been  the  deep  ocean's  bed,  but  a  region  of 
comparatively  shallow  seas,  and  at  times  emerging  land ;  and 
was  marked  out  in  its  great  outlines  even  in  the  earliest  Si- 
lurian. The  same  view  is  urged  by  De  Verneuil,  and  appears 
now  to  be  the  prevailing  opinion  among  American  geologists. 
The  depth  at  times  may  have  been  measured  by  the  thousand 
feet,  but  not  by  miles. 

III.  During  the  first  half  of  the  lower  Silurian  era,  the 
whole  east  and  west  were  alike  in  being  covered  with  the  sea. 
In  the  first  or  Potsdam  Period,  the  continent  was  just  beneath 
its  surface.  In  the  next  or  Trenton  Period,  the  depth  was 
greater,  giving  purer  waters  for  abundant  marine  life.     After- 
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wards,  the  East  and  West  were  in  general  widely  diverse  in 
their  formatioiis ;  limestones,  as  Mr.  Hall  and  the  Professors 
Rogers  have  remarked,  were  in  progress  over  the  West,  that  is, 
the  region,  now  the  great  Mississippi  Valley,  beyond  the  Ap- 
palachians, while  sandstones  and  shales  were  forming,  from 
Northeastern  New  York,  south  and  southwest  through  Vir- 
ginia. The  former,  therefore,  has  been  regarded  as  an  area 
of  deeper  waters,  the  latter  as,  in  general,  shallow,  when  not 
actually  emerged.  In  fact,  the  region  towards  the  Atlantic 
border,  afterwards  raised  into  the  Appalachians,  was  already, 
even  before  the  Lower  Silurian  era  closed,  the  higher  part  of 
the  land :  it  lay  as  a  great  reef  or  sand-bank,  partly  hemming 
in  a  vast  continental  lagoon  where  corals,  encrinites,  and 
mollusks  grew  in  profusion,  thus  separating  more  or  less  per- 
fectly the  already  existing  Atlantic  from  the  interior  waters. 

IV.  The  oscillations  or  changes  of  level  over  the  continent, 
through  the  Upper  Silurian  and  Devonian,  had  some  reference 
to  this  border  region  of  the  continent:  the  formations  ap- 
proach or  recede  from  it,  and  sometimes  pass  it,  according  to 
the  limits  of  the  oscillation  eastward  or  westward.  Along 
the  coarse  of  the  border  itself  there  were  deep  subsidences  in 
slow  progress,  as  is  shown  by  the  thickness  of  the  beds.  It 
would  require  much  detail  to  illustrate  these  points,  and  I 
leave  them  with  this  bare  mention. 

The  Hudson  River  and  Cbamplain  valleys  appear  to  have 
had  their  incipient  origin  at  the  epoch  that  closed  the  Lower 
Silurian  ;  for  while  the  preceding  formations  cross  this  region 
and  continue  over  New  England,  the  rocks  of  the  Niagara 
and  Onondaga  Periods  (the  first  two  of  the  Upper  Silurian) 
thin  out  in  New  York  before  reaching  the  Hudson  River. 
Mr.  Logan  has  recognized  the  division  of  America  to  the 
northeast  into  two  basins  by  an  anticlinal  axis  along  Lake 
Cbamplain,  and  observes  also  that  the  disturbances  began 
as  early,  at  least,  as  the  close  of  the  Lower  Silurian,  men- 
tioning, too,  that  there  is  actually  a  want  of  conformity  at 
Qaspi  between  the  beds  of  the  Upper  and  Lower  Silurian,  — 
2* 
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another  proof  of  the  violence  that  closed  the  Lower  Siln- 
rian  era. 

But  let  us  pass  onward  in  our  geological  record. 

All  the  various  oscillations  that  were  in  slow  movement 
through  the  Silurian,  Devonian,  and  Carboniferous  Ages,  and 
which  were  increasing  their  frequency  throughout  the  last,  rais- 
ing and  dipping  the  land  in  many  alternations,  were  premoni- 
tions of  the  great  period  of  revolution,  —  so  well  elucidated, 
as  already  observed,  by  the  Professors  Rogers, — when  the 
Atlantic  border,  from  Labrador  to  Alabama,  long  in  prepara- 
tion, was  at  last  folded  up  into  mountains,  and  the  Silurian, 
Devonian,  and  Carboniferous  rocks  were  baked  or  crystal- 
lized. No  such  event  had  happened  since  the  revolution 
closing  the  Azoic  Period.  From  that  time  on,  all  the  various 
beds  of  succeeding  ages  up  to  the  top  of  the  Carboniferous 
had  been  laid  down  in  horizontal  or  nearly  horizontal  layers, 
over  New  England  as  well  as  in  the  West,  —  for  the  conti- 
nent from  New  England  westward,  we  have  reason  to  believe, 
was  then  nearly  a  plain,  either  above  or  below  the  water; 
there  had  been  no  disturbances  except  some  minor  uplifts : 
the  deposits,  with  small  exceptions,  were  a  single  unbroken 
record,  until  this  Appalachian  revolution. 

This  epoch,  although  a  time  of  vast  disturbances,  is  more 
correctly  contemplated  as  an  epoch  of  the  slow  measured 
movement  of  an  agency  of  inconceivable  power,  pressing  for- 
ward from  the  ocean  towards  the  northwest;  for  the  rocks 
were  folded  up  without  the  chaotic  destruction  that  sudden 
violence  would  have  been  likely  to  produce.  Its  greatest 
force  and  its  earliest  beginning  was  to  the  northeast.  I  have 
alluded  to  the  disturbance  between  the  Upper  and  Lower 
Silurian  beds  of  Gasp£,  to  the  north :  another  epoch  of  dis- 
turbance, still  more  marked,  preceded,  according  to  Mr.  Lo- 
gan, the  Carboniferous  beds  in  those  northeastern  regions; 
and  New  England,  while  a  witness  to  the  profound  character 
and  thoroughness  of  the  Appalachian  revolution,  attests  also 
to  the  greater  disturbance  towards  its  northern  limits.     Some 
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of  the  Carboniferous  strata  were  laid  down  here  in  Rhode 
Mand,  as  day  and  sand  and  layers  of  vegetable  debris :  they 
came  forth  from  the  Appalachian  fires  as  you  now  have 
them,  the  beds  contorted,  the  coal  layers,  a  hard  siliceous 
anthracite  or  even  graphite  in  places,  the  argillaceous  sands 
and  days,  crystallized  as  talcose  schist,  or  perhaps  gneiss  or 
syenite. 

These  very  coal-beds,  so  involved  in  the  crystalline  rocks, 
are  part  of  the  proof  that  the  crystallization  of  New  England 
took  place  after  the  Coal  Era.  Fossils  in  Maine  and.  Massa- 
chusetts add  to  the  evidence ;  the  quiet  required  by  the  con- 
tinent for  the  regular  succession  and  undisturbed  condition  of 
the  rocks  of  the  Silurian,  Devonian,  and  Carboniferous  for- 
mations, shows  that  in  neither  of  these  ages  could  such  vast 
results  of  metamorphic  action  and  upheaval  have  taken  place. 

The  length  of  time  occupied  by  this  revolution  is  beyond 
all  estimate.  Every  vestige  of  the  ancient  Carboniferous  life 
of  the  continent  disappeared  before  it  In  Europe,  a  Permian 
Period  passed,  with  its  varied  life ;  yet  America,  if  we  may 
trust  negative  evidence,  still  remained  desolate.  The  Triassic 
Period  next  had  its  profusion  of  living  beings  in  Europe,  and 
oyer  two  thousand  feet  of  rock ;  America  through  all,  or  till 
its  later  portions,  was  stiU  a  blank :  not  till  near  the  beginning 
of  the  Jurassic  Period  do  we  find  any  traces  of  new  life,  or 
even  of  another  rock  above  the  Carboniferous. 

What  better  evidence  could  we  have  than  the  history  of 
the  oscillations  of  the  surface,  from  the  earliest  Silurian  to 
the  dose  of  the  Carboniferous  Age,  and  the  final  cresting  of 
the  series  in  this  Appalachian  revolution,  that  the  great  fea- 
tures of  the  continent  had  been  marked  out  from  the  earliest 
time  ?  Even  in  the  Azoic,  the  same  northeast  and  southwest 
trend  may  be  observed  in  Northern  New  York  and  beyond 
Lake  Superior,  showing  that,  although  the  course  of  the  great 
Azoic  lands  was  partly  east  and  west,  the  same  system  of 
dynamics  that  characterized  succeeding  ages  was  then  to 
some  extent  apparent. 
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The  first  event  in  the  records  after  the  Appalachian  revolu- 
tion, was  the  gathering  up  of  the  sands  and  rolled  fragments 
of  the  crystallized  rocks  and  schists  along  the  Atlantic  border 
into  beds ;  not  over  the  whole  sarface,  but  in  certain  valleys, 
which  lie  parallel  with  the  Appalachian  chain,  and  which 
were  evidently  a  result  of  the  foldings  of  that  revolution. 
The  beds  are  the  red  sandstones  and  shales,  which  stretch  on 
for  one  hundred  and  twenty  miles  in  the  Connecticut  valley; 
and  similar  strata  occur  in  Southeastern  New  York,  in  New 
Jersey,  Virginia,  and  North  Carolina.  These  long  valleys  are 
believed  to  have  been  estuaries,  or  else  river  courses. 

The  period  of  these  deposits  is  regarded  as  the  earlier  Ju- 
rassic by  Professor  W.  B.  Rogers.  Dr.  Hitchcock  supposes 
that  a  portion  of  the  preceding  or  Triassic  Period  may  be 
represented. 

Many  of  the  layers  show,  by  their  shrinkage  cracks,  ripple- 
marks,  and  footprints,  as  others  have  observed,  that  they  were 
formed  in  shallow  waters,  or  existed  as  exposed  mud-fiats. 
But  they  accumulated  till  they  were  over  a  thousand  feet 
thick  in  Virginia,  and  in  New  England  two  or  three  thousand, 
according  to  the  lowest  estimate.  Hence  the  land  must  have 
been  sinking  to  a  depth  equal  to  this  thickness,  as  the  accu- 
mulation went  on,  since  the  layers  were  formed  successively 
at  or  near  the  surface. 

Is  it  not  plain,  then,  that  the  oscillations,  so  active  in  the 
Appalachian  revolution,  and  actually  constituting  it,  had  not 
altogether  ceased  their  movements,  although  the  times  were 
so  quiet  that  numerous  birds  and  reptiles  were  tenants  of  the 
Connecticut  region  ?  Is  it  not  clear  that  these  old  valleys, 
occurring  at  intervals  from  Nova  Scotia  to  South  Carolina, 
originally  made  by  foldings  of  the  earth's  crust,  were  still 
sinking? 

And  did  not  the  tension  below  of  the  bending  rocks  final- 
ly cause  ruptures?  Even  so:  and  the  molten  rock  of  the 
earth's  interior  which  then  escaped,  through  the  crystalline 
rocks  beneath  and  the  overlying  sandstone,  constitutes  the 
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trap  mountains,  ridges,  and  dikes,  thickly  studding  the  Con- 
necticut Valley,  standing  in  palisades  along  the  Hudson,  and 
diyersifying  the  features  of  New  Jersey  and  parts  of  Virginia 
aad  North  Carolina.  The  trap  is  a  singularly  constant  at- 
tendant on  the  sandstone,  and  everywhere  bears  evidence  of 
having  been  thrown  out  soon  after  the  deposition  of  the 
sandstone,  or  in  connection  with  the  formation  of  its  later 
beds.  Even  the  small  sandstone  region  of  Southbury,  Ct,  has 
its  trap.  like  the  Appalachian  revolution,  this  epoch  had  its 
greatest  distorbanoes  at  the  north. 

Thus  ended  in  fire  and  violence,  and  probably  in  submer- 
gence beneath  the  sea,  the  quiet  of  the  Connecticut  valley, 
where  Jived,  as  we  now  believe,  the  first  burds  of  creation; 
kinds  that  were  nameless,  until,  some  oountiess  ages  after- 
wards, President  Hitchcock  tracked  them  out,  found  evidence 
that  they  were  no  unworthy  representatives  of  the  feathered 
tribe,  and  gave  them  and  their  reptile  associates  befitting  ap- 
pellations. 

Such  vast  regions  of  eruptions  could  not  have  been  with- 
out effusions  of  hot  water  and  steam,  and  copious  hot  springs. 
And  may  not  these  heated  waters  and  vapors,  rising  through 
the  crystalline  rocks  below,  have  brought  up  the  copper  ores, 
that  are  now  distributed,  in  some  places,  through  the  sand- 
stone ?  The  same  cause,  too,  may  have  given  the  prevalent 
red  color  to  the  rock,  and  prodaced  changes  in  the  adjoining 
granite. 

After  the  era  of  these  rocks,  there  is  no  other  American 
record  during  the  European  Jurassic  Period. 

In  the  next  or  Cretaceous  Period,  the  seas  once  more 
abound  in  animal  life.  The  position  of  the  cretaceous  beds 
around  the  Atlantic  border  show  that  the  continent  then 
stood  above  the  sea  very  much  as  now,  except  at  a  lower 
level.  The  Mississippi  valley,  which,  from  the  Silurian,  had 
generally  been  the  region  of  deeper  waters,  was  even  in  cre- 
taceous times  occupied  to  a  considerable  extent  by  the  sea,  — 
the  Mexican  Gulf  then  reaching  far  north,  even  high  up  the 
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Missouri,  and  covering  also  a  considerable  part  of  Texas  and 
the  Rocky  Mountain  slope. 

An  age  later,  the  cretaceous  species  had  disappeared,  and 
the  Mammalian  Age  (or  the  Tertiary,  its  first  Period)  begins, 
with  a  wholly  new  Fauna,  excepting,  according  to  Professor 
Tuomey,  some  half  a  dozen  species,  about  which  however 
there  is  much  doubt  The  continent  was  now  more  elevated 
than  in  the  preceding  age,  and  the  salt  waters  of  the  Mexican 
Gulf  were  withdrawn  from  the  region  of  Iowa  and  Wiscon- 
sin, so  as  not  to  reach  beyond  the  limits  of  Tennessee. 

Two  or  three  times  in  the  course  of  the  Tertiary  Period,  the 
life  of  the  seas  was  exterminated,  so  that  the  fossils  of  the 
later  Tertiary  are  not  identical  with  any  in  the  earliest  beds,  -^ 
excluding  some  fish  remains,  species  not  confined  to  the  coast 
waters.  The  crust  of  the  earth  was  still  oscillating ;  for  the 
dose  of  the  first  Tertiary  epoch  was  a  time  of  subsidence ;  but 
the  oscillation  or  change  of  level  was  slight,  and  by  the  end  of 
the  Tertiary,  the  continent  on  the  east  stood  within  a  few 
feet  of  its  present  elevation,  while  the  Gulf  of  Mexico  was  re- 
duced nearly  to  its  present  limits. 

I  have  thus  brought  this  rapid  sketch  to  the  close  of  the 
Tertiary,  having  omitted  much  of  great  interest,  in  order  to 
direct  attention  to  the  one  grand  fact,  —  that  the  continent 
from  the  Potsdam  sandstone,  or  before,  to  the  Upper  Tertiary, 
was  one  in  its  progress,  —  a  single  consecutive  series  of 
events  according  to  a  common  law.  It  is  seen,  that  the  great 
system  of  oscillations,  due  to  force  pressing  or  acting  from  the 
southeast,  which  reached  its  climax  in  the  rise  of  the  Appala- 
chians, then  commenced  a  decline.  We  mark  these  oscilla- 
tions still  producing  great  results  in  the  Jurassic  Period  along 
the  whole  eastern  border  from  Nova  Scotia  to  the  Carolinas. 
Less  effect  appears  in  the  Cretaceous  Period,  and  gradually 
they  almost  die  out  as  the  Tertiary  closes,  leaving  the  Missis- 
sippi Valley  and  the  eastern  shores  near  their  present  level. 

Thus  were  the  great  features  of  Middle  and  Eastern  North 
America  evolved ;  nearly  all  its   grand  physical  events,  in- 
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dading  its  devastations  and  the  alternations  in  its  rocks,  were 
consequent  npon  this  system  of  development. 

MoreoveTi  as  I  have  observed,  this  system  was  some  way 
connected  with  the  relative  positions  of  the  continent  and  the 
oceanic  basin,  —  meaning  by  the  latter  the  profound  depres- 
uons  in  which  the  oceans  lie,  and  not  including  the  shallow- 
water  borders,  which  are  only  submerged  portions  of  the  Con- 
tinent. 

We  need  yet  more  definite  knowledge  of  the  Pacific  border 
of  North  America  to  complete  this  subject.  Jt  is  in  accord- 
ance with  the  fact  that  the  highest  mountains  are  there,  that 
volcanoes  have  been  there  in  action ;  and  also  that,  in  the 
Tertiary  Period,  elevations  of  one  to  two  thousand  feet  took 
place;  and  immediately  before  the  Tertiary  a  still  greater 
elevation  of  the  Bocky  Mountains  across  from  east  to  west 
occurred.  The  system  of  changes  between  the  Bocky  Moun- 
tains and  the  Pacific  has  been  on  a  grander  scale  than  on  the 
Atlantic  border,  and  also  from  a  different  direction,  —  and  this 
last  IB  an  element  for  whose  influence  on  the  general  features 
we  cannot  yet  make  full  allowance. 

Through  all  this  time,  central  British  America  appears  to 
have  taken  littie  part  in  the  operations ;  and  what  changes 
there  were,  except,  it  may  be,  in  the  Arctic  regions,  conformed 
to  the  system  prevailing  farther  south,  for  the  rocks  of  the 
Jurassic  Age,  like  the  Connecticut  Biver  sandstone,  are  found 
as  far  north  as  Prince  Edward's  Island,  in  the  Gulf  of  St. 
Lawrence. 

But  the  Tertiary  Period  does  not  close  the  history  of  the 
continent.  There  is  another  long  Period,  the  Post-tertiary, 
—  the  period  of  the  Drift,  of  the  Mastodon  and  Elephant,  of 
the  lake  and  river  Terraces,  of  the  marine  beds  on  Lake 
Champlain  and  the  St.  Lawrence,  —  all  anterior  to  the 
Human  Era. 

From  this  time  there  is  a  fundamental  change  in  the  course 
of  operations.  The  oscillations  are  from  the  north,  and  no 
longer  from  the  southeast 
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The  drift  is  the  first  great  event,  as  it  underlies  the  other 
loose  material  of  the  surface ;  and  all  recognize  it  as  a  north' 
em  phenomenon,  connected  with  northern  oscillations. 

The  upper  terrace  of  the  lakes  and  rivers,  and  also  the 
marine  beds  four  hundred  feet  above  the  level  of  Lake  Cham- 
plain,  and  five  hundred  above  the  St  Lawrence,  which  have 
been  called  Laurentian  deposits,  are  marks  of  a  northern  de- 
pression, as  no  one  denies. 

The  subsequent  elevation  to  the  present  level  again,  by 
stages  marked  in  the  lower  river  terraces,  was  also  northern, 
aflfecting  the  region  before  depressed. 

The  south  felt  but  slightly  these  oscillations. 

There  are  thus  the  following  epochs  in  the  Post-tertiary :  — 
the  Drift  Epoch;  the  Laurentian  Epoch,  an  epoch  of  depres- 
sion ;  the  Terrace  Epoch,  an  epoch  of  elevation ;  —  three  in 
number,  unless  the  Drift  and  Laurentian  Epochs  are  one  and 
the  same. 

As  this  particular  point  is  one  of  much  interest  in  American 
Greology,  I  will  briefly  review  some  of  the  facts  connected 
with  the  drift 

The  drift  was  one  of  the  most  stupendous  events  in  geo- 
logical history.  In  some  way,  by  a  cause  as  wide  as  the 
continent, — and,  I  may  say,  as  wide  nearly  as  the  world, — 
stones  of  all  sizes,  to  immense  boulders  of  one  to  two  thousand 
tons'  weight,  were  transported,  along  with  gravel  and  sand, 
over  hills  and  valleys,  deeply  scratching  the  rocks  across  which 
they  travelled.  Although  the  ocean  had  full  play  in  the  many 
earlier  ages,  and  an  uneasy  earth  at  times  must  have  pro- 
duced great  convulsions,  in  no  rock  strata,  from  the  first  to 
the  last,  do  we  find  imbedded  stones  or  boulders  at  all  com- 
parable in  magnitude  with  the  immense  blocks  that  were 
lifted  and  borne  along  for  miles  in  the  drift  epoch. 

Much  doubt  must  remain  about  the  origin  of  the  drift,  until 
the  courses  of  the  stones  and  scratches  about  mountain  ridges 
and  valleys  shall  have  been  exactly  ascertained.  The  general 
course  from  the  North  is  admitted,  but  the  special  facts  prov- 
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ing  OT  disproving  a  degree  of  dependence  on  the  configuration 
of  the  land  have  not  yet  been  sufficiently  studied. 

One  theory,  the  most  prevalent,  supposes  a  deep  submer- 
gence over  New  England  and  the  North  and  West,  even  to  a 
depth  of  four  or  five  thousand  feet,  and  conceives  of  icebergs 
as  floating  along  the  blocks  of  stone,  and  at  bottom  scratch- 
ing the  rocks.  Another,  that  of  the  Professors  Sogers,  objects 
to  such  a  submergence,  and  attributes  the  result  to  an  incur- 
sion of  the  ocean  from  the  north,  in  consequence  of  an  earth- 
quake movement  beneath  the  Arctic  Seas. 

The  idea  of  a  submergence  is  objected  to  on  the  ground 
that  the  sea  has  left  no  proofs  of  its  presence  by  fossils,  or 
sea-shore  terraces  or  beaches. 

Unless  the  whole  continent  were  submerged,  of  which 
there  is  no  evidence  whatever,  there  must  have  been  in  the 
Post-tertiary  Period  an  east-and-west  line  of  sea-shore,  say 
across  New  Jersey,  Pennsylvania,  Southern  Ohio,  and  the 
other  States  west,  or  still  farther  south ;  and  yet  no  such  sea- 
shore marks  now  exist  to  trace  its  outline,  although  the  ocean 
must  have  been  a  portion  of  the  same  that  had  laid  up  the 
Cretaceous  and  Tertiary  beds  all  along  the  coasts,  and,  in 
fact,  already  contained  the  oysters  and  clams,  and  many  other 
species  of  Mollusks  which  now  exist  Can  it  be,  that,  con- 
trary to  all  the  ways  of  the  past,  such  a  grand  submergence 
as  this  view  supposes,  placing  New  fSigland  four  thousand 
feet  under  water,  could  have  transpired  without  a  sea-shore 
record? 

Very  many  have  replied  in  the  affirmative ;  and  one  able 
advocate  of  this  view,  who  sees  no  difficulty  in  the  total  ab- 
sence  of  sea-shore  terraces  or  fossils  at  all  levels  above  the 
Laurentian  beds,  finds  in  the  succeeding  epoch  sea-shore  ac- 
cumulations in  all  the  terraces  of  our  rivers.  Why  this  won- 
derful contrast  ?  What  withheld  the  waves  from  acting  like 
waves  in  the  former  case,  and  gave  unbounded  license  in  the 
latter? 

This  much,  then,  seems  plain,  that  the  evidence,  although 
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negative,  is  very  much  like  positive  proof  that  the  land  wa9 
not  beneath  the  sea  to  the  extent  the  explanation  of  the  drift 
phenomena  would  require. 

There  are  other  objections  to  this  view  of  submergence.  If 
North  America  were  submerged  from  the  southern  boundary- 
line  of  the  drift  far  into  the  Arctic  regions,  this  would  have 
made  a  much  warmer  climate  for  the  continent  than  now ; 
if  only  half-way,  then  there  is  another  east-and-west  shore 
line  to  be  traced  out,  before  the  fact  of  the  submergence  can 
be  admitted.  Again,  we  know  how  the  ice,  while  a  glacier, 
or  along  a  shore  of  cliffs,  (for  all  bergs  are  believed  to  have 
once  been  glaciers,)  may  receive  upon  them,  or  gather  up, 
heavy  blocks  of  stone,  even  a  thousand  tons  in  weight,  and 
bear  them  ,off  to  distant  regions,  as  now  happens  in  the  North- 
ern Atlantic.  But  we  have  no  reason  to  believe  that  the 
massy  foot  of  a  berg  could  pick  up  such  blocks  and  carry 
them  twenty  miles,  to  drop  them  again ;  and  hence  the  short 
distance  of  travel  would  prove  that  the  bergs  were  made  that 
short  distance  to  the  north,  and  this  implies  the  existence 
there  of  glacier  valleys  and  requires  a  glacier  theory. 

But  without  considering  other  difficulties,  I  pass  to  the 
inquiry.  Whether  the  lands,  if  not  submerged,  were  at  any 
higher  level  than  now  ? 

There  is  evidence  of  striking  character,  that  the  regions  or 
coasts  over  the  higher  latitudes,  in  both  the  northern  and 
southern  hemispheres,  were  once  much  elevated  above  their 
present  condition.  The  fiords^  or  deep  coast  channels,  scores 
of  miles  long,  that  cut  up  the  coast  of  Norway  and  Britain, 
of  Maine,  Nova  Scotia,  and  Greenland,  of  Western  America 
from  Puget's  Sound  north,  of  Southern  South  America  from 
Chiloe  south,  of  Van  Diemen's  Land  and  other  southern 
islands,  are  all  valleys  that  could  not  have  been  scooped  out 
when  filled  with  the  ocean's  water  as  now ;  that  could  have 
been  formed  only  when  the  land  in  those  high  latitudes,  north 
and  south,  was  elevated  till  their  profound  depths  were  nearly 
dry.     Whether  this  elevation  was  in  the  period  of  the  Post- 
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tertiary  has  not  been  precisely  ascertained.  But  as  they  are 
proof  of  a  north-and-soath  system  of  oscillations,  the  same 
that  was  in  action  in  the  drift  epoch,  and  as  the  cold  that 
snch  a  change  would  occasion  is  not  very  distinctly  apparent 
in  the  Tertiary  period,  and  much  less  in  the  earlier,  we  have 
reason  for  referring  the  greater  part  of  the  elevation  to  that 
drift  era,  and  for  believing  that  the  excavation  of  these  fiord 
valleys  was  then  in  progress.  Both  fiords  and  drift  are  alike 
high-latitude  phenomena  on  all  the  continents,  north  and 
south.  The  change  of  climate  between  the  Cretaceous  and 
Tertiary,  and  the  absence  of  Tertiary  beds  north  of  Cape  Cod, 
may  have  been  connected  with  an  incipient  stage  in  this 
bigb-iatitude  movement 

However  this  be,  there  is  other  evidence,  in  the  cold  of  the 
drift  period,  of  some  extraordinary  cause  of  cold.  The  drift 
in  Europe  and  Britain  is  generally  attributed  to  glaciers  and 
icebergs  during  a  period  of  greater  cold  than  now ;  and  the 
fact  of  this  greater  cold  is  so  generally  admitted,  that  it  is 
common  to  speak  of  it  as  the  glacial  period.  Professor 
Agassiz,  moreover,  has  urged  for  this  continent  the  glacial 
tbeory* 

In  a  memoir  of  great  research,  by  Mr.  Hopkins,  of  Cam- 
bridge, England,  the  able  author  maintains  that  this  glacial 
cold  might  have  been  produced  over  Europe,  partly  at  least, 
by  a  diversion  of  the  Gulf  Stream  from  its  present  position. 
He  seems  in  his  paper  to  attribute  too  much  effect  to  the 
Gulf  Stream,  and  too  little  to  the  prevailing  currents  of  the 
atmosphere ;  but,  setting  this  aside,  it  is  unfortunate  for  the 
hypothesis,  that  there  is  no  reason  to  suppose  that  America 
was  not  then  as  much  in  the  way  of  such  a  diversion  as  now. 
The  small  changes  of  level  which  the  Tertiary  and  Post-tertiary 
beds  of  the  Gulf  have  undergone,  prove  that  the  gate  of  Da- 
rien  was  early  closed,  and  has  since  continued  closed.  Amer- 
ica, as  far  as  ascertained  facts  go,  has  not  been  submerged  to 
receive  the  Stream  over  its  surface.  If  it  had  been,  it  would 
have  given  other  limits  to  her  own  drift  phenomena  ;  for  it  is 
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an  important  fact  that  these  limits  in  America  and  Europe 
show  the  very  same  difference  in  the  climates  or  in  the  iso- 
thermals  as  that  which  now  exists. 

On  the  question  of  the  drift,  we  therefore  seem  to  be  forced 
to  conclude,  whatever  be  the  difficulties  we  may  encounter 
from  the  conclusion,  that  the  continent  was  not  submerged, 
and  therefore  icebergs  could  not  have  been  the  main  drift 
agents  :  the  period  was  a  cold  or  glacial  epoch,  and  the 
increase  of  cold  was  probably  produced  by  an  increase  in  the 
extent  and  elevation  of  northern  lands.  Further  than  this,  in 
the  explanation  of  the  drift,  known  facts  hardly  warrant  our 
going. 

If,  then,  the  drift  epoch  was  a  period  of  elevation,  it  must 
have  been  followed  by  a  deep  submergence  to  bring  about 
the  depression  of  the  continent,  already  alluded  to,  when  the 
ocean  stood  four  hundred  feet  in  Lake  Champlain,  and  a 
whale  (for  his  bones  have  been  found  by  the  Rev.  Z.  Thomp- 
son of  Burlington)  was  actually  stranded  on  its  shores ;  and 
when  the  upper  terrace  of  the  rivers  was  the  lower  river-flat 
of  the  valleys.  This  submergence,  judging  from  the  elevat- 
ed sea-beaches  and  terraces,  was  five  hundred  feet  on  the 
St.  Lawrence  and  Lake  Champlain ;  eighty  feet  at  Augusta, 
Maine ;  fifty  feet  at  Lubec ;  thirty  at  Sancoti  Head,  Nan- 
tucket; over  one  hundred  at  Brooklyn,  N.  Y. ;  and  two 
hundred  to  two  hundred  and  fifty  in  Central  New  England, 
j  ust  north  of  Massachusetts ;  while  south,  in  South  Carolina, 
it  was  but  eight  or  ten  feet 

But  whence  the  waters  to  flood  valleys  so  wide,  and  pro- 
duce the  great  alluvial  plain  constituting  the  upper  terrace, 
so  immensely  beyond  the  capability  of  the  present  streams  ? 
Perhaps,  as  has  been  suggested  for  the  other  continent,  and 
by  Agassiz  for  this,  from  the  melting  snows  of  the  declining 
glacier  epoch.  The  frequent  absence  of  fine  stratification,  so 
common  in  the  material  of  this  upper  terrace,  has  often  been 
attributed  to  a  glacier  origin. 

According  to  this  view,  the  events  of  the  Post-tertiary  Pe- 
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nod  in  this  country  make  a  single  consecutive  series,  depend- 
ent mainly  on  polar  or  high-latitude  oscillations  :  —  an  ele- 
vation for  Hie  first  or  Glacial  Epoch;  a  depression  for  the 
second  or  LauretUian  Epoch  ;  a  moderate  elevation  again,  to 
the  present  height,  for  the  third  or  Terrace  Epoch. 

The  same  system  may,  I  believe,  be  detected  in  Europe ; 
but,  like  all  the  geology  of  that  continent,  it  is  complicated  by 
many  conflicting  results  and  local  exceptions ;  while  North 
America,  as  I  have  said,  is  like  a  single  unfolding  flower  in 
its  system  of  evolutions. 

There  is  the  grandeur  of  nature  in  the  simplicity  to  which 
we  thus  reduce  the  historical  progress  of  this  continent.  The 
prolonged  series  of  oscillations,  acting  by  pressure  from  the 
southeast  beneath  the  Atlantic,  reach  on  through  immeasura- 
ble ages,  producing  the  many  changes  of  level  through  the 
SUuiian  and  Devonian,  afterwards  with  greater  frequency  in 
the  Carboniferous,  and  then,  rising  with  quickened  energy  and 
power,  folding  the  rocks  and  throwing  up  the  long  range  of 
the  Appalachians,  with  vast  eflusions  of  heat  through  the 
racked  and  tortured  crust,  next  go  on  declining  as  the  Juras- 
sic and  Cretaceous  Periods  pass,  and  finally  fade  out  in  the 
Tertiary.  The  northern  oscillations,  perhaps  before  in  prog- 
ress, then  begin  to  exhibit  their  efiects  over  the  high  temper- 
ate latitudes,  and  continue  to  the  Human  Era.  The  sinking 
of  Greenland,  now  going  on,  may  be  another  turn  in  the 
movement ;  and  it  is  a  significant  fact,  that,  while  we  have 
both  there  and  in  Sweden  northern  changes  of  level  in  prog- 
ress, such  great  secular  movements  have  nowhere  been  de- 
tected on  the  tropical  parts  of  the  continents. 

In  deducing  these  conclusions,  I  have  only  stated  in  order 
the  facts  as  developed  by  our  geologists.  Were  there  time 
for  a  more  minute  survey  of  details,  the  results  would  stand 
forth  in  bolder  characters. 

The  sublimity  of  these  continental  movements  is  greatly 
enhanced  when  we  extend  our  vision  beyond  this  continent  to 
other  parts  of  the  world.  It  can  be  no  fortunate  coincidence 
3' 
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that  has  produced  the  parallelism  between  the  Appalachian 
system  and  the  grand  feature  lines  of  Britain,  Norway,  and 
Brazil  or  that  has  covered  the  north  and  south  alike  with 
drift  and  fiords.  But  I  will  not  wander,  although  the  field 
of  study  is  a  tempting  one. 

In  thus  tracing  out  the  fact,  that  there  has  been  a  plan  or 
system  of  development  in  the  history  of  this  planet,  do  we 
separate  the  Infinite  Creator  from  his  works  ?  Far  from  it  : 
no  more  than  in  tracing  the  history  of  a  planet  We  but 
study  the  method  in  which  Boundless  Wisdom  has  chosen 
to  act  in  creation.  For  we  cannot  conceive  that  to  act  with- 
out plan  or  order  is  either  a  mark  of  divinity  or  wisdom.  As- 
suredly it  is  far  from  the  method  of  the  God  of  the  universe, 
who  has  filled  all  nature  with  harmonies ;  and  who  has  ex- 
hibited his  will  and  exalted  purpose  as  much  in  the  formation 
of  a  continent,  to  all  its  details,  as  in  the  ordered  evolution 
of  a  human  being.  And  if  man,  from  studying  physical 
nature,  begins  to  see  only  a  Deity  of  physical  attributes,  of 
mere  power  and  mathematics,  he  has  but  to  look  within  at 
the  combination  of  the  aifections  with  intellect,  and  observe 
the  latter  reaching  its  highest  exaltation  when  the  former  are 
supreme,  to  discover  proofs  that  the  highest  glory  of  the  Cre- 
ator consists  in  the  infinitude  of  his  love. 

My  plan,  laid  out  in  view  of  the  limited  time  of  a  single 
address,  has  led  me  to  pass  in  silence  many  points  that  seem 
to  demand  attention  or  criticism ;  and  also  to  leave  unnoticed 
the  labors  of  many  successful  investigators. 

There  are  some  subjects,  however,  which  bear  on  general 
Geology,  that  should  pass  in  brief  review. 

L  The  rock-formations  in  America  may  in  general  be 
shown  to  be  synchronous  approximately  with  beds  in  the 
European  series.  But  it  is  more  difficult  to  prove  that  catas- 
trophes were  synchronous,  that  is,  revolutions  limiting  the 
ages  or  periods. 

The  revolution  closing  the  Azoic  Age,  the  ^r^^  we  distinctly 
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observe  in  America,  was  probably  nearly  universal  over  the 
globe. 

An  epoch  of  some  disturbance  between  the  Lower  and 
Upper  Silurian  is  recognized  on  both  continents.  Yet  it  was 
less  complete  in  the  destruction  of  life  on  Europe  than  here, 
more  species  there  surviving  the  catastrophe,  and  in  this 
country  there  was  but  little  displacement  of  the  rocks. 

The  Silurian  and  the  Devonian  Ages  each  closed  in  Amer- 
ica with  no  greater  revolutions  than  those  minor  movements 
which  divided  the  subordinate  periods  in  those  ages ;  Mr. 
Hall  observes  that  they  blend  with  one  another,  and  the  latter 
also  with  the  Carboniferous,  and  that  there  is  no  proof  of 
contemporaneous  catastrophes  giving  them  like  limits  here 
and  in  Europe. 

But  after  the  Carboniferous  came  the  Appalachian  revolu- 
tion, one  of  the  most  general  periods  of  catastrophe  and 
metamorphism  in  the  earth's  history.  Yet  in  Europe  the 
disturbances  were  far  less  general  than  with  us,  and  occurred 
along  at  the  beginning  and  end  of  the  Permian  Period. 

From  this  epoch  to  the  close  of  the  Cretaceous,  there  were 
no  contemporaneous  revolutions,  as  far  as  we  can  discover. 
But  the  Cretaceous  Period  terminates  in  an  epoch  of  catas- 
trophe which  was  the  most  universal  on  record,  all  foreign 
Cretaceous  species  having  been  exterminated,  and  all  Ameri- 
can, with  a  few  doubtful  exceptions.  This  third  general  rev- 
olution was  the  prelude  to  the  Mammalian  Age.  But  there 
is  no  time  to  do  this  subject  justice,  and  I  pass  on,  —  merely 
adding,  on  account  of  its  interest  to  those  who  would  under- 
stand the  first  chapter  of  Genesis,  that  there  is  no  evidence 
whatever  in  Geology,  that  the  earth,  after  its  completion, 
passed  through  a  chaos  and  a  six  days'  creation  at  the  epoch 
immediately  preceding  man,  as  Buckland,  in  the  younger 
days  of  the  science,  suggested,  on  Biblicaly  not  on  geological, 
ground.  No  one  pretends  that  there  is  a  fact  or  hint  in 
Geology  to  sustain  such  an  idea :  moreover,  the  science  is 
utterly  opposed  to  it 
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II  The  qaestion  of  the  existence  of  a  distinct  Cambrian 
'  is  decided  adversely  by  the  American  records.  The 
Mollnsca  in  all  their  grand  divisions  appear  in  the  Lower  as 
well  as  Upper  Silurian,  and  the  whole  is  equally  and  alike  the 
Afolloscan  or  Silurian  Age.  The  term  Cambrian,  therefore, 
if  ased  for  fossiliferous  strata,  must  be  made  subordinate  to 
Silurian. 

The  Taconic  system  of  Emmons  has  been  supposed  by  its 
author  to  have  a  place  inferior  to  the  Cambrian  of  Sedgwick, 
or  else  on  a  level  with  it  But  the  investigations  of  Hall, 
Mather,  and  Rogers,  and  more  lately  of  Logan  and  Hunt, 
have  shown  that  the  Taconic  slates  belong  with  the  upper 
part  of  the  Lower  Silurian,  being,  in  fact,  the  Hudson  River 
shales,  far  from  the  bottom  of  the  scale. 

III.  The  American  rocks  throw  much  light  on  the  origin 
of  coal.  Professor  Henry  D.  Rogers,  in  an  able  paper  on  the 
American  Coal-fields,  has  well  shown  that  the  condition  of  a 
delta  or  estuary  for  the  growth  of  the  coal-plants,  admitted 
even  now  by  some  eminent  geologists,  is  out  of  the  question, 
unless  the  whole  continent  may  be  so  called  ;  for  a  large  part 
of  its  surface  was  covered  with  the  vegetation.  Deltas  exist 
where  there  are  large  rivers ;  and  such  rivers  accumulate  and 
flow  where  there  are  mountains.  How,  then,  could  there 
have  been  rivers,  or  true  deltas  of  much  size,  in  the  Coal 
Period,  before  the  Rocky  Mountains  or  Appalachians  were 
raised  ?  It  takes  the  Andes  to  make  an  Amazon.  This  re- 
mark has  a  wider  application  than  simply  to  the  Coal  Era. 

IV.  In  this  connection,  I  add  a  word  on  the  idea  that  the 
rocks  of  our  continent  have  been  supplied  with  sands  and 
gravel  from  a  continent  now  sunk  in  the  ocean.  No  facts 
prove  that  such  a  continent  has  ever  existed,  and  the  whole 
system  of  progress,  as  I  have  explained,  is  opposed  to  it. 
Moreover,  gravel  and  sands  are  never  drifted  away  from  sea- 
shores, except  by  the  very  largest  of  rivers,  like  the  Amazon ; 
and  with  these,  only  part  of  the  lightest  or  finest  detritus  is 
carried  far  away ;  for  much  the  larger  part  is  returned  to  the 
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coast  tbrongh  tidal  action,  which  has  a  propelling  movement 
shoreward,  where  there  are  soundings.  The  existence  of  an 
Amazon  on  any  such  Atlantic  continent  in  Silarian,  Devo- 
nian, or  Carboniferous  times,  is  too  wild  an  hypothesis  for  a 
moment^s  indulgence. 

V.  The  bearing  of  the  facts  in  American  Palaeontology  on 
the  science,  might  weU  occupy  another  full  discourse.  I  will 
dose  with  brief  allusions  to  some  points  of  general  interest. 

1.  The  change  in  the  Fauna  of  the  globe  as  the  Age  of 
Man  approaches,  is  one  of  the  most  interesting  facts  in  the 
earth's  history.  It  was  a  change  not  in  the  types  of  the 
races,  (for  each  continent  retains  its  characteristics,)  but  a  re- 
markable dwindling  in  the  size  of  species.  In  North  America 
the  Buffalo  became  the  successor  to  the  huge  Mastodon,  Ele- 
phant, and  Bootherium ;  the  small  Beaver  to  the  great  Cas- 
toroides;  and  the  existing  Carnivora  are  all  comparatively 
smalL 

Parallel  with  this  fact,  we  find  that  in  South  America,  as 
Dr.  liund  observes,  where,  in  the  last  age  before  Man,  there 
were  the  giant  Megatherium  and  Glyptodon,  and  other  related 
Edentates,  there  are  now  the  small  Sloths,  Armadillos,  and 
Ant-eaters. 

So,  also,  on  the  Oriental  continent,  the  gigantic  Lion, 
Tiger,  Hyena,  and  Elephant,  and  other  monster  quadrupeds, 
have  now  their  very  inferior  representatives. 

In  New  Holland,  too,  the  land  of  Marsupials,  there  are 
Marsupials  still,  but  of  less  magnitude. 

2.  This  American  continent  has  contributed  to  science  a 
knowledge  of  some  of  the  earliest  traces  of  Reptiles,  —  the 
species  of  the  Pennsylvania  coal  formation,  described  by  Mr. 
King  and  Mr.  Lea,  and  others  from  the  Nova  Scotia  coal- 
fields, discovered  by  Messrs.  Dawson  and  Lyell. 

It  has  afforded  the  earliest  traces  of  birds  thus  far  de- 
ciphered in  geological  history,  —  the  colossal  and  smaller 
waders,  whose  tracks  cover  the  clayey  layers  and  sandstone  of 
the  Jnrassic  rocks  in  the  Connecticut  valley.     The  earliest 
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Cetacea  yet  known  are  from  the  American  Cretaceous  beds, 
as  described  by  Dr.  Leidy.  And  among  the  large  Mammals 
which  had  possession  of  the  renewed  world  after  the  Greta- 
ceous  life  had  been  swept  away,  the  largest,  as  far  as  has  been 
ascertained,  lived  on  this  continent  The  Paleeotheria  of  the 
Paris  Basin,  described  by  Cuvier,  were  but  half  the  size  of 
those  of  Nebraska. 

But  here  our  boasting  ceases,  for,  as  Agassiz  has  shown, 
the  present  Fauna  of  America  is  more  analogous  to  the  later 
Tertiary  of  Europe  than  to  the  existing  species  of  that  con- 
tinent. 

In  the  Palaeozoic  Ages,  to  the  close  of  the  Coal  Period,  the 
American  continent  was  as  brilliant  and  profuse  in  its  life  as 
any  other  part  of  the  world.  It  was  a  period,  indeed,  when 
the  globe  was  in  an  important  sense  a  unit,  not  individualized 
in  its  climates  or  its  distribution  of  life,  and  only  partially  in 
its  seas.     But  from  this  time  the  contrast  is  most  striking. 

The  whole  number  of  known  American  species  of  animals 
of  the  Permian,  Triassic,  Jurassic,  Cretaceous,  and  Tertiary 
Periods  is  about  two  thousand ;  while  in  Britain  and  Europe, 
a  territory  even  smaller,  there  were  over  twenty  thousand 
species.  In  the  Permian  we  have  none^  while  Europe  has 
over  two  hundred  species.  In  the  Triassic,  none ;  Europe,  one 
thousand  species.  In  the  Jurassic,  sixty ;  Europe,  over  four 
thousand.  In  the  Cretaceous,  three  hundred  and  fifty  to  four 
hundred;  Europe,  five  to  six  thousand.  In  the  Tertiary, 
hardly  fifteen  hundred ;   Europe,  about  eight  thousand. 

America,  since  Palceozoic  times,  has  therefore  been  eminent 
for  the  poverty  of  its  Fauna. 

Again:  the  Mammalian  Age  in  America,  although  com- 
mencing with  huge  Pachyderms,  shows  little  progress  after- 
ward. The  larger  quadrupeds  continue  to  be  mainly  herbiv- 
orous, and  the  Carnivora,  the  higher  group,  are  few  and  of 
comparatively  small  size.  The  Herbivora  are  still  the  typical 
species.  While  in  Europe  and  Asia,  at  the  same  time,  — 
that  is,  in  the  Post-tertiary,  —  the  Carnivora  are  of  great  size 
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and  ferocity,  far  exceeding  the  largest  of  modern  Lions  and 
Tigers.  The  single  species  of  Lion  described,  from  a  bone 
from  near  Natchez,  by  Dr.  Leidy,  hardly  lessens  the  contrast 

Soath  America,  as  has  been  remarked  by  Agassiz  and 
others,  sustains  this  inferior  position  of  America.  The  huge 
Sloths,  Megatheria,  and  other  Edentata  of  the  South,  are 
even  lower  in  grade  than  the  ordinary  Herbivora,  and  place 
that  Southern  continent  at  an  inferior  level  in  the  scale. 
Although  there  were  Carnivora,  they  were  much  smaller  than 
the  European.     The  JEdentaies  are^  in  f^cty  its  typical  species. 

The  supremacy  of  the  great  Oriental  continent  is,  there- 
fore, most  signally  apparent 

The  contrast  is  still  greater  with  Australia  and  New  Zea- 
land, whose  past  and  present  Fauna  and  Flora  have  been 
well  said  by  Agassiz  and  Owen  to  represent  the  Jurassic 
Period, —  the  present  era  affording  Trigonias,  Terebratute, 
Cestraciont  Fishes,  and  the  Araucarian  Coniferee,  all  Jurassic 
types,  besides  Kangaroos  and  Moas.  Among  Mammals,  the 
JIfarjicpiab,  the  lowest  of  all  in  the  class,  are  its  typical 
species. 

Ever  since  PalsBOzoic  times,  therefore,  the  Oriental  Conti- 
nent,—  that  is,  Europe,  Asia,  and  Africa  combined, — has 
taken  the  lead  in  animal  life.  Through  the  Reptilian  Age, 
Europe  and  Asia  had  species  by  thousands,  while  America 
was  almost  untenanted.  In  the  later  Mammalian  Age,  North 
America  was  yet  in  the  shade,  both  in  its  Mammals  and 
lower  tribes;  South  America  in  still  darker  shadows;  and 
Australia  even  deeper  still.  The  earth's  antipodes  were  like 
light  and  darkness  in  their  zoological  contrasts.  And  was 
there  not  in  all  this  a  prophetic  indication,  which  had  long 
been  growing  more  and  more  distinct,  that  the  Eastern  Con- 
linent  would  be  man's  chosen  birthplace?  that  the  long 
series  of  living  beings,  which  had  been  in  slow  progression 
through  incalculable  ages,  would  there  at  last  attain  its  high- 
est exaltation  ?  that  the  stupendous  system  of  nature  would 
there  be  opened  to  its  fullest  expansion  ? 
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Another  of  oar  number  has  shown  in  eloquent  language 
how  the  diversified  features  and  productions  of  the  Old  World 
conspired  to  adapt  it  for  the  childhood  and  development  of 
the  race;  and  that,  when  beyond  his  pupilage,  having  ac- 
complished his  rescue  from  himself  and  the  tyranny  of  forces 
around  him,  and  broken  the  elements  into  his  service,  he 
needed  to  emerge  from  the  trammels  of  the  school-house  in 
order  to  enjoy  his  fullest  freedom  of  thought  and  action,  and 
social  union.  Professor  Guyot  observes  further,  that  America, 
ever  free,  was  the  appointed  land  for  this  freedom  and  union, 
—  of  which  its  open  plains,  and  oneness  of  structure,  were  a 
fit  emblem ;  and  that,  although  long  without  signs  of  progress 
or  hope  in  its  future,  this  land  is  to  be  the  centre  of  hope  and 
light  to  the  world. 

In  view  of  all  these  arrangements,  man  may  well  feel  ex- 
alted. He  is  the  last  of  the  grand  series.  At  his  approach, 
the  fierce  tribes  of  the  earth  drew  back,  and  the  race  dwindled 
to  one  fourth  its  bulk  and  ferocity,  —  the  huge  Mastodons, 
Lions,  and  Hyenas  yielding  place  to  other  species,  better  fit 
to  be  his  attendants,  and  more  in  harmony  with  the  new 
creation. 

Partaking  of  the  Divine  image,  all  nature  pays  him  tribute ; 
the  universe  is  his  field  of  study;  an  eternity  his  future. 
Surely  it  is  a  high  eminence  on  which  he  stands. 

But  yet  he  is  only  one  of  the  series ;  one  individuality  in 
the  vast  system.  How  vain  the  philosophy  which  makes  the 
creature  the  God  of  nature,  or  nature  its  own  author !  In- 
finitely beyond  man,  infinitely  beyond  all  created  things,  is 
that  Being  with  whom  this  system,  and  the  combined  sys- 
tems of  immensity,  were  as  one  purpose  of  His  will. 
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In  attempting  to  trace  the  recent  progress  of  Organic 
Chemistry,  there  are  two  points  of  view  from  which  the  sub- 
ject may  with  propriety  be  considered.  Either  we  may  con- 
fine our  attention  to  the  directly  positive  additions  which 
have  been  made  to  our  knowledge  by  the  discovery  and 
description  of  new  compounds,  or  we  may  consider  the  true 
progress  of  the  science  to  be  marked  by  the  development  of 
general  laws,  and  by  the  birth  of  leading  ideas  prolific  in  new 
facts.  As  the  term  Organic  Chemistry  is  one  which  is  some- 
what loosely  applied,  and  which  is  often  made  to  include  the 
Chemistry  of  Animal  and  Vegetable  Physiology,  it  is  proper 
to  state  that  I  here  employ  it  in  a  more  limited  sense,  and 
that  I  understand  by  it  that  branch  of  the  science  which 
treats  of  the  immediate  chemical  products  of  the  vital  force, 
as  -well  as  of  those  bodies  which  are  derived,  or  which  may 
be  considered  as  derived,  from  these  by  the  processes  of  the 
laboratory.  It  is  from  the  second  of  the  two  points  of  view 
mentioned  above  that  I  propose  to  consider  my  subject,  and, 
viewed  from  this  point,  particular  compounds  will  be  of  in- 
terest only  so  far  as  they  serve  to  illustrate  general  principles. 
Four  leading  theories  have,  as  I  think,  exerted  the  most 
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powerfal  inflaence  upon  the  progress  of  Organic  Chemistry 
during  the  last  ten  years.  They  are  the  theories  of  Com- 
ponnd  Radicals,  of  Conjugation,  of  Homologaes,  and  of  Sab- 
stitutions.  For  the  sake  of  distinctness,  I  shall  consider 
these  separately,  and  shall  endeavor  to  refer  to  each  the  facts 
which  may  fairly  be  considered  as  flowing  from  it,  withoat, 
of  course,  implying  that  in  every  case  the  theory  has  preceded 
the  discovery  of  the  fact  And  I  shall  conclude  by  present- 
ing a  brief  sketch  of  the  present  condition  of  the  science,  and 
of  the  questions  upon  which  the  opinions  of  chemists  are 
now  divided. 

The  theory  of  Compound  Radicals,  as  is  well  known,  was 
first  proposed  by  Berzelius,  in  the  year  1817,  and  was  sup- 
ported by  him  during  his  subsequent  career  with  the  tenacity 
of  conviction  and  the  earnestness  which  so  strikingly  marked 
his  scientific  character.  It  was  adopted  and  vigorously  sup- 
ported by  Liebig,  who,  sixteen  years  later,  in  conjunction  with 
Wohler,  studied  with  remarkable  success  the  Benzoyl  series, 
and  applied  the  theory  in  a  new  form,  by  assuming  the  exist- 
ence of  radicals  containing  oxygen.  Berzelius  rejected  this 
view,  and,  limiting  the  conception  of  a  compound  radical  to 
bodies  composed  of  carbon  and  hydrogen,  introduced  the 
Ethyl  theory,  and  applied  it  to  alcohol  and  to  the  ethers  which 
were  at  that  time  known.  The  Ethyl  theory,  speedily 
adopted  by  the  German  chemists,  was  carried  by  Liebig's 
pupils  to  England,  and  even  met  with  a  favorable  reception 
from  several  French  chemists  of  note.  In  France,  however, 
it  soon  fell  into  disfavor.  Laurent  endeavored  to  substitute 
for  it  his  theory  of  Cores,  while  others,  denouncing  compound 
radicals  as  purely  hypothetical  bodies,  ofTered  other  hypothe- 
ses of  their  own,  which  had  at  least  the  merit  of  being  French. 
Thus,  in  a  recent  treatise,  the  ethers  are  derived  from  carburets 
of  hydrogen  homologous  with  marsh  gas,  an  equivalent  of 
hydrogen  being  replaced  by  an  equivalent  of  oxygen  plus  an 
equivalent  of  anhydrous  acid.  Not  a  single  case  is,  however, 
cited  in  which  such  a  substitution  has  been  actually  effected. 
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and  tbe  homologues  of  marsh  gas,  at  the  time  the  work  in 
question   was   written,  were  as   purely   hypothetical  as  the 
compound  radicals  themselves.      In  other  cases  the  theory 
was  ingenionsly  avoided  by  using  the  term   ^^ residue"   in 
place  of  radical    Thus  in  benzamid  NHj,  CmHsOj,  it  was  said 
that  the  residue  C14H5O2  replaced  an  equivalent  of  hydrogen 
in  the  ammonia,  the  reaction  being  represented  by  the  equa* 
tion  NH,+  CkHsO,,  CI  =  HC1+  NH^  Q.HO,.      In  like 
manner  the  radicals  NO4  and  SO3  were  termed  the  residaes 
of  nitric  and  sulphuric  acid.     The  investigations  of  Dr.  Hof- 
mann  on  the  ammonias  and  ammoniums  produced  an  imme- 
diate change  in  the  views  even  of  those  chemists  who  had 
rejected  the  theory  of  Compound  Radicals  as  involving  un- 
necessary and  uncalled-for  hypotheses.      These  researches  es- 
tablished the  important  fact,  that  in  ammonium,  NH4, 1,  2, 
3,  or  4  equivalents  of  hydrogen  may  be  replaced  by  an  equal 
number  of  equivalents  of  a  zincous  or  electro-positive  radical, 
like  methyl  or  ethyl ;  and  not  merely  this,  but  that  four  dif- 
ferent radicals  may  be  present  in  an  ammoninm,  and  three  in 
an  ammonia.     Ammonia  and  ammonium  became  at  once 
generic,  instead  of  specific,  terms.     The  discovery  of  Ethyl- 
amin  and  Methylamin  by  Wnrtz  had  already  established  the 
existence  of  highly  volatile  ammonias,  which  could  be  re- 
garded theoretically  as  ammonia  in  which  an  equivalent  of 
hydrogen  is  replaced  by  an  equivalent  of  ethyl  or  methyl,  and 
this  view  was  actually  taken  by  Wurtz.     But  the  mode  of 
formation  of  the  new  alkalies  employed  by  him  did  not,  in 
itself,  suggest  the  idea  of  such  a  replacement,  even  in  the 
case  of  a  single  equivalent  of  hydrogen.     While,  therefore, 
we  owe  to  Wurtz  an  isolated,  though  beautiful  and  fruitful 
discovery,  we  must  accord  to  Hofmann  the  merit,  not  merely 
of  one  of  the  finest  generalizations  in  the  science,  but  also  of 
one   of  the   most  powerful    methods   of   studying  internal 
molecular  structure  which  we  possess.     Hofmann's  memoir 
was  published  in  the  Philosophical  Transactions  of  the  Royal 
Society  in  1850.     In  it  he  clearly  established  these  facts :  — 
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First  That  in  either  ammonia  or  ammoniam  any  number 
of  equivalents  of  hydrogen  may  be  replaced  by  an  equal 
number  of  equivalents  of  a  compound  radical. 

Second.  That  the  order  of  replacement  is  indifferent 

Third.  That  the  new  ammonias  or  ammoniums  so  formed 
are  really  such ;  or,  in  other  words,  that  the  distinctive  proper- 
ties of  the  primitive  substance  are  not  altered  by  the  succes- 
sive replacements  of  the  hydrogen,  excepting  only  in  degree. 

The  following  formulas  will  serve  to  illustrate  the  character 
of  Hofmann's  discoveries : — 

Ammonias. 
Ammonia  .  .    N.HHH 

Ethylamin     .  N.HH.C4H5 

Diethylamin       .        .     N .  H .  C4H5 .  C4H5 
Triethylamin  .         N .  C4H5 .  C4H5 .  C4H5 

Ethylmethylphenylamin  N .  CjHs .  C4H5 .  CuHg. 

Ammoniums. 
Chloride  of  Ammonium  .        .    N.HHHH,C1 

Methyl  Ammonium  N .  CsH, .  HHH,  CI 

"  Dimethyl  Ammonium        N .  CgHs .  CjHs .  HH,  CI 

"  Trimethyl  Ammonium      N .  CgHj .  CjH, .  CgHs .  H,  CI 

"  Tetramethyl  Ammonium  N.  CaH, .  CgHs .  CgHs .  CJI3,  CI 

Ethyl  methyl  amyl  phenyl  ammonium  Chloride  N .  C4H5 .  C2H3 .  CioHu  . 

CijHs,  CI 

Hofmann's  discovery  left  chemists  no  alternative.  It  was 
of  no  avail  to  say  that  methyl  and  ethyl,  for  example,  are  only 
conjugates  of  hydrogen,  CaHj,H  and  C4H4,H,  and  therefore 
that  the  radical  theory  is  not  proved  by  Hofmann's  dis- 
coveries. For  the  radical  theory  makes  no  assumptions  as  to 
the  internal  molecular  structure  of  the  radicals  themselves, 
but  only  assumes  that  C4H5  enters  into  combination  as  a 
whole,  and  as  such  replaces  hydrogen  equivalent  for  equiva- 
lent When  iodide  of  ethyl,  by  acting  upon  ammonia,  pro- 
duces Ethylamin  and  iodide  of  hydrogen,  there  is  as  real  a 
substitution  of  ethyl  for  hydrogen  as  there  is  of  chlorine  for 
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hydrogen  when  chlorine  acts  upon  acetic  acid.  In  both  cases 
a  binary  molecule  is  presented  to  a  single  molecule  of  hydro- 
gen ;  one  atom  of  the  binary  molecule  (dyad  of  Laurent) 
unites  with  one  of  hydrogen,  while  the  other  takes  the 
place  of  the  hydrogen  in  the  combination.  We  must  there- 
fore admit,  that,  whatever  be  the  true  constitution  of  C4H5, 
the  compound  C4H5  |  I  acts  upon  a  body  containing  hydro- 
gen precisely  as  CI  |  CI  does,  and  C^Hg  is  therefore  equivalent 
to  CI,  and  consequently  to  H  or  one  equivalent  of  hydrogen. 
This  is  all  that  the  radical  theory,  as  applied  at  least  to  ethyl 
and  its  compounds,  can  demand,  and  a  general,  though  not 
always  cordial,  acquiescence  in  the  theory  in  question  has 
taken  the  place  of  the  old  hostility.  It  deserves  to  be  men- 
tioned in  this  place,  that  ten  years  before  Wurtz's  discovery 
of  ethylamin  and  methylamin,  Liebig  had  foreseen  the  possi- 
ble existence  of  an  ammonia  in  which  an  equivalent  of 
hydrogen  is  replaced  by  one  of  ethyl,  and  had  asserted  that 
such  a  body  would  be  analogous  to  ordinary  ammonia,  and 
would  possess  basic  properties.  Time  has  seldom  given  a 
more  beautiful  verification  of  the  predictions  of  genius. 

Hofmann's  method  of  replacing  hydrogen  in  the  ammonias 
and  ammoniums  has  since  been  frequently  employed,  not 
merely  in  studying  the  molecular  structure  of  the  natural 
alkaloids  by  determining  how  many  equivalents  of  replace- 
able hydrogen  they  contain,  but  also  in  producing  substitu- 
tions of  hydrogen  in  other  bodies  not  alkaline  in  their  charac- 
ter. In  this  manner  tnany  new  alkaloids  have  been  formed, 
and  a  prospect,  ever  brightening,  has  been  opened  of  artificial- 
ly producing  in  the  laboratory  some  of  the  most  valuable 
therapeutic  agents  which  we  possess. 

An  important  addition  to  the  radical  theory  has  recently 
been  made  by  Cloez  and  by  Natanson,  who  have  shown  that 
an  equivalent  of  hydrogen  in  ammonia  can  be  replaced  by  an 
equivalent  of  Formyl,  CjH,  or  of  Acetyl,  C4H3,  radicals  as- 
sumed by  Berzelius  in  formic  and  acetic  acids,  and  whose 
existence,  like  that  of  Ethyl  and  Methyl,  has  been  stoutly 
4* 
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denied.  Tbe  new  ammonias,  which  we  may  call  Formyl- 
amin  and  Acetylamin,  are  less  strongly  basic  than  ordinary 
ammonia,  or  than  the  corresponding  Ethylamin  and  Methyl- 
amin.  This  arises  from  the  more  highly  electro-negative 
character  of  Formyl  and  Acetyl,  and  the  discovery  at  once 
clears  up  all  doabts  as  to  the  constitntion  of  the  extensive 
class  of  acids  homologous  with  formic  acid,  and  shows  that 
they  are  the  oxides  of  electro-negative  radicals.  It  will  be 
remembered,  that  while  the  highly  electro-positive  metals,  like 
sodium  and  zinc,  form  with  oxygen  only  protoxides  which  are 
basic,  the  more  electro-negative  metals,  like  chromium,  iron, 
and  manganese,  form  acid  as  well  as  basic  oxides.  Now,  as 
Zinin  has  recently  shown  that  Propionyl,  CaHa, —  and  therefore 
by  analogy  its  homologue.  Acetyl,  —  forms  a  basic  protoxide 
as  well  as  an  acid  teroxide,  we  see  that  Ethyl  is  to  Acetyl  what 
zinc  is  to  iron.  Oar  simple  radicals  are,  then,  perfectly  repre- 
sented by  their  compound  analogues.  In  these  cases,  also, 
the  radical  theory  makes  no  hypothesis  with  respect  to  the 
true  molecular  structure  of  the  radicals  themselves,  nor  does  it 
assert  that  all  three  equivalents  of  oxygen  in  any  one  of  these 
organic  acids  are  present  in  exactly  the  same  form,  since,  as 
in  sulphuric  acid,  one  equivalent  may  be  combined  in  a  dif- 
ferent manner  from  the  other  two,  and  may  be  capable  of  re- 
placement by  an  equivalent  of  chlorine  or  other  electro-nega- 
tive body.  The  Ethyl  and  Acetyl  theories  may  then  be  con- 
sidered as  demonstrated,  since  they  furnish  the  only  means  of 
explaining  the  fact  of  the  equivalent  replacement  of  hydrogen. 
But  while  the  researches  of  Hofmann,  and  those  which  have 
flowed  from  them,  have  established  the  truth  of  the  Berzelian 
theory  of  compound  radicals  as  applied  to  compounds  of  car- 
bon and  hydrogen,  they  have  also  shown  that  the  extension 
of  Berzelius's  views  by  Liebig  and  Wohler  must  be  received, 
and  that  we  must  admit  the  existence  of  radicals  contain- 
ing oxygen.  As  a  supplement  to  Hofmann's  discoveries, 
Oerhardt  has  proved  that  1, 2,  or  3  equivalents  of  hydrogen  in 
ammonia  may  be  replaced  by  an  equal  number  of  equivalents 
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of  a  componnd  radical  containing  oxygen,  as,  for  example, 
CmHsO^  the  Benzoyl  of  Liebig  and  Wohler.  Thus  we 
have  ammonia  NHa,  Benzamid  NHsCuHsOs,  Dibenzamid 
NH  (Ci.HsOs)^  and  Tribenzamid  N  (C„H  03)3.  The  Benzoyl 
theory  in  its  original  form  is  thus  demonstrated,  and  it  is  not 
only  clearly  shown  that  Berzelius  was  in  error  in  rejecting 
compound  radicals  containing  oxygen,  but  that  in  many  sub- 
stances we  must  admit  the  existence  of  a  secondary  as  well  as 
of  a  primitive  radical.  Thus  the  empirical  formula  of  acetic 
acid  is  C4H4O4,  while  its  rational  formula,  if  we  admit  that  it 
contains  water,  is  CiHgOa.  O-f-HO,  just  as  anhydrous  sul- 
phuric acid  is  the  oxide  of  the  radical  SO,,  and  anhydrous 
nitric  acid  the  oxide  of  NO4.  Hence  in  acetic  acid  the 
primitive  radical  is  C4HS,  and  the  secondary  radical  C4H3O2. 
Kolbe  has  proposed  to  give  to  the  names  of  those  radicals 
which  contain  oxygen  the  termination  "  oxyl,"  to  distinguish 
them  from  primary  radicals  consisting  only  of  carbon  and 
hydrogen,  and  for  which  the  termination  "  yl "  has  long  been 
in  use.  This  suggestion  deserves  general  adoption.  In  ac- 
cordance with  it  we  shall  have  acetyl  C4H3,  and  acetoxyl 
CiHsOt,  benzoyl  C14H5,  and  benzoxyl  C,4Ha02,  sulphur  S,  and 
sulphnroxyl  SO,,  nitrogen  N,  and  nitroxyl  NO4. 

The  discovery  of  Gerhardt  stands  in  the  same  relation  to 
that  of  Liebig  and  Wohler  which  that  of  Hofmann  bears  to 
the  discovery  of  Ethylamin  by  Wurtz.  Thus,  Benzamid, 
Dibenzamid,  and  Tribenzamid,  are  parallel  to  Ethylamin, 
Diethylamin,  and  Triethylamin.  In  any  triamid  the  three 
equivalents  of  hydrogen  of  the  primitive  ammonia  may  be 
replaced  by  three  different  radicals  containing  oxygen.  No 
replacement  of  even  a  single  equivalent  of  hydrogen  in  am- 
monium by  a  radical  containing  oxygen  has  yet  been  observed, 
but  perhaps  the  natural  alkaloids  may  furnish  instances  of 
this.  It  may  further  be  remarked,  that  the  basic  property  of 
ammonia  is  lost  by  the  substitution  even  of  a  single  equiva- 
lent of  hydrogen  by  a  radical  containing  oxygen ;  the  electro- 
negative character  of  the  latter  impressing  itself  upon  the 
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whole  compound,  rendering  the  existence  even  of  acid  am- 
monias  not  improbable.  I  shall  have  occasion  to  return  to 
this  subject. 

In  connection  with  the  theory  of  compound  radicals,  I 
may  properly,  as  it  appears  to  me,  mention  the  anhydrous 
organic  acids,  the  discovery  of  which  we  also  owe  to  Ger- 
hardt  By  the  action  of  chloride  of  benzoxyl  on  benzoate  of 
potash,  Gerhardt  obtained  anhydrous  benzoic  acid,  the  forma- 
tion of  which  may  be  represented  by  the  equation 

CuHsOaCl  +  KO,  CHH5O3  =  2  CHH5O3  +  KCl. 
Similar  reactions  have  yielded  a  large  number  of  anhydrous 
acids,  while,  by  using  the  chlorides  of  radicals  different  from 
those  contained  in  the  potash  salts  employed,  Gerhardt  and 
Chiozza  have  obtained  many  new  double  acids  or  compounds 
of  two  organic  acids  with  each  other.  These,  as  a  general 
rule,  have  very  little  stability,  and  are  easily  separated  into 
their  components.  Water  converts  the  anhydrous  organic 
acids  more  or  less  rapidly  into  the  ordinary  hydrates. 

Gerhardt's  beautiful  discovery  followed  quickly  upon  a  very 
similar  one  by  Williamson,  who,  by  the  action  of  the  iodides 
of  the  ethyl  series  upon  potash  or  soda  alcohol,  obtained  a 
series  of  new  substances,  which  may  be  regarded  as  alcohols, 
in  which  an  equivalent  of  hydrogen  is  replaced  by  an  equiva- 
lent of  methyl,  ethyl,  &c.     Thus, 

C,H,0,  KO  +  C^HJ  =  2  CHsO  +  KI ;   . 

C.HfiO,  KO  +  CaHal  =  QHsO,  C,H»0  +  KI. 
From  these  reactions  Williamson  infers  that  the  equivalent 
of  ether  is  twice  as  high  as  that  hitherto  adopted,  and  refers 
both  the  ethers  and  alcohols  to  the  type  of  water  with  a 
double  equivalent,  O^Hs.  On  this  view  alcohol  is  water  in 
which  one  equivalent  of  hydrogen  is  replaced  by  one  of  ethyl, 
while  ether  is  water  in  which  both  equivalents  of  hydrogen  are 

replaced  by  ethyl  Thus  we  have,  O  J  ^  water,  O.  j  ^jr 
alcohol,   O,  j  ^* J^  ether,  O,  j  ^^     methyl-ethyl     alcohol. 


OEOANIC    CHEMISTRY.  45 

GeTbardt  has  extended  these  views  to  the  organic  acids,  both 
hydrous  and    anhydroas,  considering,  for  example,  ordinary 

C  H  O '  ^^^^  anhydrous  acetic  acid 

is  O2 1  c*ILO*'  *°^  aceto-benzoic  acid  Oj  J  rj*  H  O  ' 

These  views,  which  are  much  strengthened  by  the  com- 
parison of  the  physical  properties  of  the  alcohols,  ethers,  and 
acids,  have  found  many  advocates;  but  as  they  can  scarcely 
be  said  as  yet  to  have  exercised  a  positive  influence  upon  the 
progress  of  organic  chemistry,  they  do  not  require  further 
Dotice  in  this  place.  The  alcohols  discovered  by  Williamson 
have  not  yet  been  carefully  studied.  We  know  only  their 
boiling  points  and  the  densities  of  their  vapors,  but  of  their 
chemical  properties  and  relations  we  are  wholly  ignorant. 
Thus  common  alcohol  yields  by  oxidation,  or  better  by  re- 
placement of  hydrogen  by  oxygen,  acetic  acid ;  what  is  then 
the  corresponding  product  in  the  case  of  methyl-ethyl  alcohol, 
C4H5O  4-  CgHaO  ?  Perhaps  either  acetate  of  methyl,  or 
formate  of  ethyl,  QHsOg  +  CjHjO,  or  CaHOs  +  C4H5O. 
Before  we  can  arrive  at  the  true  theory  of  the  constitution  of 
these  and  similar  bodies,  a  thorough  study  of  the  products  of 
their  decomposition,  as  well  as  of  their  general  chemical  rela- 
tions, is  necessary.  In  the  isolation  of  the  organic  radicals 
some  progress  has  been  made,  though  it  is  in  many  cases,  to 
say  the  leasts  doubtful  whether  the  substances  isolated  are  the 
radicals  themselves,  or  only  bodies  isomeric  with  them.  By 
the  electrolysis  of  acetate  and  valerate  of  potash,  Kolbe  has 
obtained  bodies  having  the  empirical  formulas  C^Hg  and 
CsHf,  and  which  he  regards  as  methyl  and  valyl.  In  like 
manner,  by  the  action  of  metallic  zinc  upon  iodide  of  ethyl, 
as  well  as  by  the  decomposition  of  this  latter  body  by  light, 
Frankland  has  obtained  the  body  C4H5,  which  is  either  iden- 
tical or  isomeric  with  ethyl.  The  chemists  of  the  French 
school  double  the  equivalents  of  all  these  bodies,  and  regard 
them  as  corresponding  to  two  volumes  of  vapor  like  free 
hydrogen,   of   which,   with  Berzelius,   they  consider    atom 
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and  volume  to  be  synonymous.  Thus,  with  them,  Kolbe's 
methyl  is  j  ^'j?,  corresponding  to  j  tt,  the  equivalent  of  hy- 
drogen being  one  half,  if  we  consider  that  of  oxygen  to  be 
eight.  The  only  difference,  therefore,  between  the  French  and 
German  chemists  is  this:  that  while  Kolbe  asserts  that  methyl 
is  isolable  with  the  equivalent  which  it  has  in  iodide  of  methyl, 
Gerhardt  maintains  that  the  isolated  ethyl  has  an  equivalent 
which  is  twice  as  high.  On  this  view,  which  is  strongly  sup- 
ported by  the  relations  between  the  boiling  points  and  atomic 
volumes  of  the  bodies  in  question,  free  ethyl  is  to  ethyl  in 
combination  what  free  hydrogen  is  to  hydrogen  in  combina- 
tion. It  will  be  seen  at  once,  that  the  question  is  here  the 
same  as  in  the  case  of  the  ethers  and  organic  acids  above 
mentioned.  Whichever  view  be  adopted,  it  cannot,  I  think, 
be  reasonably  doubted  that  many  compound  radicals  have 
actually  been  isolated  in  the  same  sense  as  hydrogen  itself. 
The  theory  can  demand  no  more  than  this.  If  we  consider  a 
theory  to  be  only  a  conception  which  enables  us  to  classify, 
arrange,  and  bring  under  a  single  point  of  view,  a  great  and 
connected  series  of  well-ascertained  facts,  then  I  maintain 
that  the  chemical  theory  of  compound  radicals  is  as  perfect 
as  any  theory  in  the  whole  range  of  the  physical  sciences. 

I  pass,  in  the  next  place,  to  the  consideration  of  the  theory 
of  Conjugation,  if  I  may  be  allowed  to  use  the  term,  under- 
standing by  it  the  union  of  a  body.  A,  with  another  body,  B,of 
such  a  nature  that  the  properties  of  B  are  thereby  changed  in 
degree,  but  not  in  kind.  We  have  here  to  distinguish  three 
different  forms  or  cases,  —  conjugate  radicals,  acids,  and  bases. 
Of  these  three  classes  of  compounds  the  conjugate  radicals, 
which,  in  fact,  are  the  primitives  of  the  other  two,  have  been 
most  carefully  studied,  and  deserve  the  most  attention.  The 
starting-point  of  all  investigations  of  this  subject  was  the 
celebrated  memoir  of  Bunsen  on  Kakodyl,  a  body  which  has 
the  empirical  formula  C«H,As,  but  which  is  now  recognized 
as  a  conjunct  of  two  equivalents  of  methyl  with  one  of  ar- 
senic, and  which  has  the  rational  formula  2  CgHsyAs. 
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As  a  type  of  the  simplest  class  of  metallic  conjugate  radi- 
cals we  may  take  Stannethyl,  or  ethyl-tin,  as  I  should  prefer 
to  call  it,  the  discovery  of  which  is  due  to  Frankland,  and 
which  has  the  formula  C4Hs)Sn-  It  is  a  colorless,  oily  liquid, 
which  oxidizes  in  the  air,  forming  a  protoxide,  QHs.SnO, 
which  acts  as  a  powerful  base,  and  forms  very  well  defined 
crystalline  salts.  The  reaction  by  which  this  body  is  formed 
is  represented  by  the  equation  CiH^I  -j-  2  Sn  =  SnI  + 
CiHs.  Sn;  and  by  a  similar  reaction  aided  by  heat  or  light, 
Frankland  has  succeeded  in  preparing  other  conjugate  radi- 
cals of  analogous  constitution.  But  the  type  of  ethyl-tin  is 
by  no  means  the  only  or  the  most  interesting  one.  By  the 
action  of  iodide  of  ethyl  upon  alloys  of  tin,  lead,  antimony, 
arsenic,  and  bismuth,  with  potassium  or  sodium,  Lowig  has 
prepared  a  large  number  of  new  radicals,  many  of  which  are 
of  very  complex  constitution,  but  which  may  all  be  considered 
as  composed  of  m  equivalents  of  an  element  united  to  n  equi- 
valents of  an  organic  radical  so  as  to  form  a  conjugate  metal. 
As  antimony,  arsenic,  and  bismuth  belong  to  the  same 
group  with  nitrogen,  it  was  natural  to  suppose  that  the  com- 
pounds of  these  metals  with  three  equivalents  of  ethyl,  or  of 
another  organic  radical,  would  resemble  in  chemical  proper- 
ties the  ammonias  of  Hofmann,  to  which  we  have  already 
alluded,  since  As  (04115)3  and  Sb  (04115)3  have  the  same 
molecular  type  as  NH3  and  N  ( 04115)8.  This,  however,  is  not 
the  case ;  for  while  ammonia  and  its  derivatives  never  unite 
directly  with  oxygen,  chlorine,  &c.,  the  radicals  Sb  (O4H5) 
and  As  (04115)3  form  oxides,  chlorides,  &c.,  like  the  metals 
themselves,  and  we  have  such  compounds  as  Sb  (04H5)3  O2, 
As  (04115)3  Sa,  &C.  In  like  manner,  when  ammonia,  NH3,  is 
brought  into  contact  with  chlorhydric  acid,  direct  combination 
ensues,  and  we  have  chloride  of  ammonium  formed ;  when, 
however,  Sb  (0*116)3  is  treated  with  the  same  acid,  hydrogen 
is  evolved,  and  we  have  the  chloride  of  the  radical  Sb  (0^115)3, 
the  reaction  being  represented  by  the  equation  Sb  ( 04115)8  + 
2  Ha  =  Sb  (041X5)3  OI2  +  2  H.    From  this  it  is  clear  that 
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the  bodies  Sb  (C  H5)3  and  As  (C4H5)s  are  not  ammonias,  but 
conjugate  metals,  and  their  formulas  may  therefore  be  written 
(C,H5)3  Sb  and  (C4HO3  As. 

It  is  easy  to  show,  however,  that  even  in  these  cases  the 
ammonia  type  is  not  completely  lost  If  we  add  iodide  of 
ethyl  to  triethyl-antimony,  combination  ensues,  and  we  have 
the  iodide  of  a  true  ammonium,  Sb  (CJiU)*  I>  in  which  anti- 
mony replaces  nitrogen,  and  ethyl  replaces  hydrogen.  The 
new  radical  Sb(C|H6)<  unites  with  a  single  equivalent  of 
oxygen  to  form  a  powerful  base  yielding  well-crystallized 
salts,  while,  like  other  ammoniums,  it  does  not  appear  to  be 
isolable,  and  in  this  particular  differs  essentially  from  the 
conjugate  radicals,  most  of  which  can  be  obtained  in  the 
free  state.  It  thus  appears  that  the  function  of  the  body 
Sb  (CfHs),  is  a  double  one,  and  that  it  may  play  thepart  of  an 
ammonia  as  well  as  of  a  radical.  As  a  radical,  we  regard  it 
as  antimony  coupled  with  three  equivalents  of  ethyl,  which 
modify  the  chemical  properties  and  relations  of  the  metal, 
without,  however,  so  far  changing  them  that  they  can  no 
longer  be  recognized, 

Frankland  has  recently  directed  attention  to  an  extremely 
remarkable  fact  in  connection  with  these  compounds.  Nitro- 
gen, phosphorus,  arsenic,  antimony,  and  bismuth  are  all 
capable  of  uniting  with  five  equivalents  of  oxygen  or  chlorine 
as  a  maximum,  while  tin  unites  at  most  with  two,  and  zinc 
with  one.  Now,  the  radicals  Sb  (04115)3  and  As  (C4H6)8  unite 
with  two  equivalents  of  oxygen  or  chlorine,  the  radical 
Sb( 04X16)4  with  one,  the  radical  As  (C4H6)a  with  three,  the 
radical  C  Hg.  Sn  with  one,  while  finally  the  body  C4H5,  Zn 
forms  no  compound  with  oxygen  and  chlorine,  but  is  com- 
pletely decomposed  by  these  bodies,  yielding  ether  and  oxide 
or  chloride  of  zinc.  Frankland  suggests,  that  in  all  these 
cases  the  original  molecular  type  of  the  highest  oxide  is  pre- 
served, so  that  in  the  new  conjugate  radicals  ethyl  may  be  re* 
garded  as  replacing  oxygen.     Thus  we  have,  — 
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Oxide  of  zinc         ZnO 
Zinc  ethyl  Zn  (C^H.) 

Peroxide  of  tia        SnOO 
Staimethyl  oxide  Sn  .  C4H5 . 0 


Antimonic  Acid 


Sb 


Oxide  of  Stibethylium  Sb 


Oxide  of  Trislibethyl   Sb  ^ 


Oxide  of  Kakodyl        As  -« 


Should  a  radical  having  the  formula  Sb .  C^H^  or  As .  C4H3 
be  hereafter  discovered,  it  ought  to  unite  with  four  equivalents 
of  oxygen  or  chlorine.  Frankland's  view  is  certainly  a  most 
ingenious  and  suggestive  one,  and  it  is  impossible  to  deny 
that  a  molecular  uniformity  of  some  kind  exists  in  the  cases 
mentioned. 

The  laborious  and  patient  investigations  of  Lowig  have, 
however,  made  us  acquainted  with  a  large  number  of  conju- 
gate radicals,  the  constitution  of  which  is  by  no  means  so 
simple,  and  which  we  are  at  present  unable  to  classify  in  a 
perfectly  satisfactory  manner.  Thus  we  have  such  com- 
pounds as 

Sd,(C4H,)2  Sna(C,H5)3 

Sn*  (C^Hs),  Sn,  (C,H5)5 

Sn4  (C4H5),  &c.,  &c. 

AU  these  radicals  combine  with  one  equivalent  of  oxygen 
to  form  basic  oxides.  Lowig  has  ingeniously  proposed  to 
consider  these  bodies  as  corresponding  to  the  ordinary  organic 
radicals  composed  of  carbon  and  hydrogen,  the  tin  being  sup- 
posed to  replace  carbon,  and  the  ethyl  to  replace  hydrogen. 
5 
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Thas  the  body  Snj  ( €4116)5  would  be  ethyl  in  which  carbon  is 
replaced  by  tin  and  hydrogen  by  ethyl.  This  view  is  certain- 
ly a  bold  one,  bat  it  has  hitherto  met  with  but  little  favor, 
though  no  other  theory  has  been  proposed  which  can  take  its 
place.  Frankland's  view,  of  course,  does  not  apply  to  radicals 
like  these. 

The  conjugate  acids  have  not  as  yet  been  very  thoroughly 
studied.  In  many  cases  of  such  acids  the  radicals  themselves 
have  been  isolated,  as,  for  example,  in  kakodylic  acid.  The 
researches  of  Kolbe  have,  however,  made  us  acquainted  with 
many  interesting  bodies  belonging  to  this  class,  and  have 
rendered  it  probable  thaLiti^  J^^VS  4tself  is  a  very  numerous 
one.     Thus  the  comj£|&as^naviYl^ ^^^^  CjH.SaOg 

+  HO,  CHj.  S,0^i>HO.  ^SSTHray  beS^rded  as  dithionic 
acid,  S2O5  +  HO,  ioupleJUttlfi^Jjjl  a«ajethyl. 

The  Berzelian  \0^M.  t>f«4lM«i;&pstitutidfn  of  the  organic 
alkaloids,  that  they\re^5^mu^sd^^^jra^  morphine,  for 
instance,  CggHuNOe .  NTt^rn  {]]{ ifni  tnj  extensively  adopted, 
and  fell  to  the  ground  with  Hofmann's  discovery  of  the  re- 
placeability  of  hydrogen  in  ammonia  and  ammonium  by 
complex  radicals.  All  the  alkaloids  have  since  been  consid- 
ered as  substituted  ammonias  or  ammoniums,  perhaps  rather 
too  hastily,  since  the  Berzelian  view  may  still  be  true  in  par- 
ticular cases.  Gtenth's  discovery  of  two  bases,  in  which  am- 
monia acts  as  the  couplet  and  sesquioxide  of  cobalt  as  the 
body  coupled,  as  well  as  the  subsequent  observation,  by  the 
writer  of  this  report,  of  similar  bases  containing  deutoxide 
of  nitrogen,  will  give,  it  is  hoped,  a  new  impulse  to  the  study 
of  this  class  of  bodies.  I  may,  perhaps,  without  impropriety, 
so  far  anticipate  the  publication  of  the  results  of  the  joint 
jtivestjgation  of  Genth  and  myself,  as  to  state  the  consti- 
tutioti  of  some  of  these  bases,  more  particularly  as  I  have 
alrtatly  —  at  the  Cleveland  meeting  —  communicated  to  the 
Association  a  brief  account  of  the  more  remarkable  com- 
pounds. 

The  bases  in  question  may  be  considered  as  oxides,  chlo- 
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rides,  &C.  of  conjugate  radicals  formed  by  the  union  of 
two  equivalents  of  cobalt  with  a  certain  number  of  equiva- 
lents of  ammonia,  or  of  ammonia  and  deutoxi(}b  of  nitrogen. 
Adopting,  with  a  slight  modification,  and  extending  the  no- 
menclature of  Fremy,  we  have  the  following  radicals  with  the 
bases  resulting  from  their  combination  with  oxygen  :  — 

Radicals.  Bases. 

Roseocobalt                    5  NHj .  Co^  5  NHa .  CoaOa  triacid. 

Luteocobalt                     GNHs-Coa  GNHj.CaA     " 

Purpureocobalt               5  NHg .  Coij  5  NHs .  CojOj  uniacid. 

Xanthocobalt         NOa.SNHs.Cos  NOs.SNHg.  CoaQB     " 

Dixanthocobalt  2  NOj .  5  NHa .  Coj  2  NO, .  5  NHs .  CoftO,  biacid. 

The  chlorides  of  these  bases  correspond  in  constitution  to 
the  oxides,  and  form  very  ^tensive  ani  well-defined  series  of 
double  salts  with'  the  chlorides  of  the  more  electro-negative 
metals.  It  is  worthy  of  notioe^-that  while  the  oxygen  bases, 
whose  formulas  are  written  abpve^ftiay  be  regarded  simply  as 
conjugates  of  the  sesquloxide  of  ^eobalt,  the  sesquioxide  itself 
does  not  always  retain  its  property  of  combining  with  three 
eqtdvalents  of  acid.  The  saturating  capacity  of  the  base  de- 
pends, therefore,  in  some  measure  at  least,  on  the  nature  of 
the  couplet.  None  of  the  above  assumed  radicals  have  been 
isolated,  nor  does  it  appear  probable  that  they  are  capable  of 
existing  in  a  free  state.  The  existence  of  two  allotropic 
forms  or  modifications  of  cobalt  is  rendered  probable  by  the 
discovery  of  Purpureocobalt,  the  constitution  of  which  is 
identical  with  that  of  Roseocobalt,  while  not  merely  the 
crystalline  forms  of  the  corresponding  compounds,  but  all  the 
reactions  of  the  two  bases,  are  entirely  distinct  Two  alio- 
tropic  forms  of  the  protoxide  of  cobalt  have  already  been  ob- 
served by  Genth. 

Since  the  discovery  of  the  ammonia-cobalt  bases,  Claus  has 
obtained  ammonia-rhodium  and  ammonia-iridium  bases  cor- 
responding to  Roseocobalt,  and  it  cannot  be  doubted  that 
further  researches  will  add  greatly  to  the  number  of  similar 
compounds.     It  is  certainly  very  remarkable  that  the  sesqui- 
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oxide  of  cobalt,  a  body  which  is  so  unstable  that  it  does  not 
form  a  single  definite  combination  with  acids,  by  union  with 
ammonia  should  form  a  series  of  powerful  bases.  No  more 
striking  instances  of  the  class  of  bodies  which  I  have  termed 
conjugate  could  have  been  furnished. 

In  the  process  of  conjugation,  it  will  be  seen  that  an  in- 
active body,  brought  into  contact  with  an  active  one,  becomes 
itself  active  and  polar,  just  as  a  bar  of  soft  iron  brought  into 
contact  with  a  magnet  becomes  itself  magnetic,  and  remains 
so,  so  long  as  the  contact  is  unbroken.  I  think  that  there  is 
more  in  this  than  a  mere  superficial  analogy. 

No  theoretical  views  have  done  so  much  to  make  Organic 
Chemistry  a  science,  as  the  discovery  of  the  principle  of 
homologism  by  Gerhardt.  This  principle  must,  for  the 
present,  be  regarded  simply  as  the  expression  of  an  empirical 
law,  that  series  of  bodies,  between  which  there  exists  a  con- 
stant difference  of  constitution,  are  analogous  in  chemical 
properties  and  relations.  The  discovery  of  wood-spirit  and 
the  investigation  of  its  properties  by  Dumas,  together  with 
the  subsequent  discovery  of  fusel  oil  by  Balard,  first  suggested 
the  idea  that  alcohol  is  to  be  regarded  as  a  generic,  and  not 
merely  as  a  specific  term.  The  same  idea  was  soon  applied 
to  other  organic  compounds,  and  it  gradually  became  evident 
that  many  well-known  substances  were  only  types  of  larger 
classes  of  similar  bodies.  It  is,  however,  to  Gerhardt  that  we 
owe  the  first  clear  perception  and  definite  expression  of  the 
precise  relation  which  exists  between  the  chemical  constitu- 
tion of  those  organic  substances  which  form  natural  families 
or  groups,  like  the  alcohols,  ethers,  &c.  This  relation  consists 
simply  in  this,  that  bodies  exhibiting  a  parallelism  in  chemical 
properties  differ  in  constitution  either  by  CjHg,  or  by  some 
multiple  of  this  expression.  Bodies  so  related  are  said  to  be 
homologous,  and  the  different  members  of  such  a  series  are 
called  bomologues.  The  elegance  and  simplicity  with  which 
whole  classes  of  compounds  can  thus  be  brought  under  one 
general  formula,  and  treated  as  a  whole,  is  truly  surprising.    I 
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will  exemplify  this  remark  by  a  few  instances  of  homologous 
series,  giving  in  the  case  of  each  the  general  formula  which 
embraces  every  member  as  a  particular  case. 


Hjdrogens. 

Acetenes.    Palenes. 

Formic  Acidi. 

Oleic  Aeidt. 

Oxalic  Acida. 

H 

CA    H. 

CH.O. 

C.HA 

C,HO. 

cyi. 

C4H4        C2H4 

C.HA 

C,H.O. 

C,H,0« 

C4H. 

GeHs     C4H, 

C.H.O. 

C„H,0« 

C.HA 

C.H, 

C,H,    C.H, 

CHA 

c„h;,04 

C.H,0« 

C^H^+ 

I    CjaHgtt    CsbHs^h 

-.    C^H^04 

CJl^-^O, 

C*.H^-,0. 

To  each  of  these  general  formulas  the  idea  of  certain  spe- 
cific properties  is  attached.  Thus  it  is  sufficient  to  know  the 
general  properties  and  relations  of  any  one  member  of  an 
homologous  series  to  know  those  of  all  the  others,  which 
must,  of  necessity,  correspond  in  kind,  though  not  in  degree. 
Stearic  acid,  C34H34O4,  and  acetic  acid,  €411404,  belong  to  the 
formic  acid  series.  They  differ  greatly  in  appearance  and  in 
the  ordinary  physical  properties,  but  chemically  there  is  a 
a  perfect  parallelism  between  them.  Of  the  possible  upper 
limit  in  the  case  of  each  series,  we,  of  course,  know  nothing; 
it  is  probable,  however,  that  in  each  case  such  a  limit  actually 
exists.  It  appears,  furthermore,  desirable  to  extend  the  idea 
of  faomologism  to  other  cases  than  where  there  is  merely  a 
difference  of  constitution  of  C2H2,  by  seeking  for  general 
analogies  in  properties  wherever  there  is  any  regular  and  uni- 
form difference  of  composition  whatever.  Thus  the  Phenyl 
series  differs  from  the  Ethyl  series  by  eight  equivalents  of  car- 
bon which  the  former  contains  more  than  the  latter,  yet  there 
are  very  strong  points  of  analogy  between  Phenyl  alcohol, 
CaHjOjo  and  common  alcohol,  C4H6O2.  We  have  here  a  new 
species  of  homologism,  the  homologizing  body  being  Cg. 
Eopp  has  shown  that  there  exists  between  the  boiling  points 
of  the  successive  homologous  bodies  of  any  series  a  common 
difference  of  about  19^  C,  and  this  remarkable  relation,  to 
which  we  shall  presently  return,  has  been  of  very  great  use  in 
determining  the  true  equivalents  of  many  substances,  and 
their  position  in  the  series  to  which  they  belong. 
5* 
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The  theory  of  substitutions,  as  is  well  known,  was  proposed 
by  Dumas  in  1839,  and  the  views  of  this  distinguished  chem- 
ist were  based  upon  the  observation  that,  in  acetic  acid,  three 
equivalents  of  hydrogen  could  be  replaced  by  three  of  chlorine, 
in  such  a  manner  that  the  new  substance  still  possessed 
strongly  acid  properties,  and,  in  many  particulars,  closely  re- 
sembled ordinary  acetic  acid.  It  was  hence  inferred  that 
chlorine  could  replace  hydrogen,  equivalent  for  equivalent, 
the  properties  of  the  original  substance  remaining  essentially 
the  same  in  all  its  derivatives. 

It  is  of  course  unnecessary  in  this  place  to  give  a  history  of 
the  controversy  which  ensued,  and  in  which  the  most  eminent 
chemists  of  the  day  took  an  active  part.  While,  on  the  one 
hand,  Berzelius  and  the  electro-chemists  maintained  that  a 
highly  electro-negative  body  like  chlorine  could  by  no  means 
play  the  part  of  an  electro-positive  element  like  hydrogen,  the 
French  chemists,  on  the  other  hand,  replied  by  an  imposing 
array  of  facts  which  admitted  of  no  simple  or  satisfactory 
solution,  except  upon  the  theory  of  a  double  function  of 
chlorine  and  similar  elements.  The  question  remained,  how- 
ever, undecided,  and  the  views  of  both  parties  became  more 
and  more  modified,  until  the  discovery  of  the  chlorinated  alka- 
loids derived  from  anilin  by  Dr.  Hofmann  at  last  decided  in 
favor  of  the  modified  theory  of  substitutions.  This  chemist 
proved,  not  merely  that  one  or  two  equivalents  of  hydrogen  in 
anilin  could  be  replaced  by  one  or  two  equivalents  of  chlorine 
or  bromine,  without  a  loss  of  basic  properties,  but  also  that 
the  bases  thus  obtained  could  be  reconverted  into  ordinary 
anilin.  Melsens  proved,  in  like  manner,  that  chloracetic  acid 
could  be  reconverted  into  common  acetic  acid.  Thus  it  was 
shown  that  chlorine  could  replace  hydrogen,  and  hydrogen  be 
substituted  for  chlorine.  In  this  case,  then,  it  was  clearly 
proved  that  both  parties  were  right,  and  both  wrong.  The 
French  chemists  were  wrong  in  asserting  that  the  molecular 
structure  and  arrangement  of  the  organic  body  alone  deter- 
mine its  properties,  since  it  has  been  clearly  shown  that,  by 
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the  leplacemejat  even  of  a  single  atom  of  hydrogen  by  an 
atom  of  chlorine,  the  properties  of  the  primitive  undergo  a 
more  or  less  distinct  modification.  Thus  chloranilin  is  less 
strongly  basic  than  aniliny  and  trichloracetic  acid  a  more 
powerful  acid  than  the  acetic. 

The  results  of  the  investigations  of  the  last  few  years  upon 
the  subject  of  substitutions  may,  I  think,  be  summed  up  in 
the  following  propositions:  — 

1.  One  or  more  equivalents  of  hydrogen  in  a  given  organic 
compound  may  be  replaced  by  an  equal  number  of  equiva- 
lents of  chlorine,  bromine,  &c.,  without  an  essential  change 
of  properties. 

2.  In  all  cases,  the  chemical  properties  are  changed  in  de- 
gree, if  not  in  kind. 

3.  The  more  complex  the  constitution  of  an  organic  body, 
the  less  marked  is  the  effect  produced  by  the  substitution  of 
an  equivalent  of  one  element  by  an  equivalent  of  another. 

4.  Conversely,  the  more  simple  the  molecular  structure  of 
the  primitive,  the  greater  is  the  change  in  properties  produced 
by  an  equivalent  substitution. 

5.  The  greater  the  number  of  equivalents  replaced,  the 
greater  will  be  the  change  in  chemical  properties.  In  many 
cases,  this  change  becomes  so  marked,  that  the  properties  of 
the  original  body  are  entirely  lost,  and  only  its  molecular  type 
remains. 

6.  The  greater  the  difference  between  the  chemical  proper- 
ties of  the  replaced  and  replacing  substances,  the  greater  will 
be  the  change  in  chemical  character  produced  by  the  substi- 
tution. Hence  electro-positive  or  zincous  bodies  replace 
each  other,  as  we  have  seen  in  the  case  of  Hofmann's  am- 
monias, without  modifying  in  any  essential  particular  the 
properties  of  the  primitive  substance.  And  the  same  must 
be  true  for  electro-negative  or  chlorous  bodies,  though  their 
mutual  replacements  have  hitherto  been  little  studied. 

From  all  these  facts,  it  is  clear  that  the  chemical  nature  of  a 
compound  depends  upon  the  nature  of  its  constituents,  and 
not  upon  their  arrangement  alone,  as  has  been  maintained. 
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If  we  adopt  Ampere's  theory  of  the  binary  structure  of  the 
elements,  it  appears  to  me  that  we  can  easily  account  for  the 
replacement  of  an  electro-positive  body  like  hydrogen  by  an 
electro-negative  one  like  chlorine.  For  of  two  associated 
molecules  of  chlorine,  one  will  be  positive  and  the  other  nega- 
tive.  Suppose  that  we  are  to  replace  one  equivalent  of  hy- 
drogen in  anilin,  C12H7N,  by  an  equivalent  of  chlorine.  We 
may  assume  that,  in  the  presence  of  chlorine,  the  molecule 
of  anilin  becomes  polar,  an  equivalent  of  hydrogen  being 
positive,  while  the  other  elements,  taken  together,  form  the 
negative  molecule.  Then  the  reaction  which  ensues  may 
be  represented  by  the  equation 

C„HeN.H  +  ClCl  =  CuHeN.Cl  +  HCL 

In  this  case  it  is  clear  that  it  is  an  electro-positive  molecule 
of  chlorine  which  replaces  the  more  electro-positive  hydrogen, 
and  it  is  not  difficult  to  conceive  that  the  chlorine  so  intro- 
duced into  the  organic  body  may  retain  its  electro-positive 
character.  Of  course,  even  the  most  highly  electro-positive 
chlorine  which  we  can  produce  must  be  electro-negative  with 
respect  to  hydrogen,  and  this  will  explain  the  change  in 
chemical  character  which  its  introduction  produces.  I  offer 
these  views  with  diffidence;  they  form  part  of  a  general 
theory  of  chemical  polarity  upon  which  I  am  engaged. 

It  is  still  a  matter  of  dispute  with  chemists  whether  chlorine 
can  replace  oxygen,  equivalent  for  equivalent.  I  consider  the 
numerous  class  of  bodies  termed  oxy-chlorides  as  furnishing 
conclusive  evidence  upon  this  point,  and  will  cite,  among 
organic  compounds,  the  bodies  whose  formulas  are  as  fol- 
lows :  — 

Primitives    C4H3O3+C4H3O3.        C4H,03  +  CaHOa.        C^HjO,. 
Derivatives  C4H3O3  +  C4H,0Cls.     C4H3O3  +  CaHOCla.     C4H3O.S.CL 

It  is  not  doubted,  I  believe,  by  any  chemist,  that  sulphur 
and  oxygen  freely  replace  each  other  in  combination.    The 
fact,  as  I  shall  show,  is  an  important  one. 
—  To  conclude  this  report  according  to  the  plan  which  I 
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have  laid  doivn,  it  remains  to  offer  a  sketch  of  the  present 
condition  of  Organic  Chemistry.  We  have  seen  that  the 
state  of  OUT  knowledge  compels  the  adoption  both  of  the 
theory  of  compound  radicals  and  of  that  of  substitutions. 
There  is,  I  think,  but  little  difference  of  opinion  between 
chemists  upon  these  two  points.  The  law  of  homology  is 
universally  admitted,  while  upon  the  theory  of  conjugate 
bodies  there  is  at  present  but  little  discussion,  our  knowledge 
of  the  subject  being  still  very  imperfect.  The  great  question 
of  tbe  day,  as  it  seems  to  me,  is  a  question  of  equivalents. 
What  are  the  true  equivalents  of  oxygen  and  its  congeners,  of 
chlorine  and  the  chloroid  bodies,  of  hydrogen  and  the  metals, 
and,  finally,  of  carbon  and  its  compounds  ?  Are  we  to  adapt 
our  combining  weights  to  the  combining  volumes,  so  that  the 
equivalents  of  all  bodies  shall  be  represented  by  the  same 
volume,  or  shall  we  retain  the  equivalents  now  received,  and 
admit  that  the  combining  volumes  in  the  gaseous  state  are 
different  ?  Lastly,  are  we  to  be  content  with  the  empirical 
formulas  of  compound  substances,  or  may  we  hope  to  pene- 
trate into  their  molecular  structure  so  as  finally  to  obtain  their 
true  rational  constitution  ?  These  questions  have  all  origi- 
nated in  the  remarkable  observations  of  Laurent  and  Ger- 
hardt  upon  the  number  of  equivalents  which  enter  into  the 
constitution  of  organic  compounds.  These  chemists,  by  a 
careful  examination  of  all  known  and  well-determined  for- 
mulas, have,  I  believe,  indisputably  proved  that  —  with  the 
single  exception  of  carbonic  oxide  —  in  every  organic  com- 
pound not  possessing  acid  properties,  and  not  containing  one 
of  a  certain  class  of  acids  to  which  I  shall  presently  allude, 
the  number  of  equivalents  of  carbon  (C=  6)  is  even.  For 
this  there  is  certainly  a  reason.  Gerhardt  and  Laurent  as- 
sume that  the  equivalent  of  carbon  is  12,  and  not  6,  as  here- 
tofore maintained,  and  that  consequently  in  all  our  formulas 
the  number  of  equivalents  of  this  element  must  be  reduced 
one  half;  and  at  first  sight  this  appears  to  be  a  perfectly  rea- 
sonable assumption.     On  the  other  hand,  however,  in  a  very 
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large  number  of  organic  acids,  —  carbonic  acid  being  one,  — 
the  number  of  equivalents  of  carbon  is  odd,  if  the  acids  in 
question  be  considered  as  unibasic  Gerhardt  and  Laurent 
double  the  equivalents  of  these  acids,  and  regard  them  as 
bibasic ;  in  this  manner  the  new  equivalent  of  carbon,  viz. 
twelve,  satisfies  all  the  formulas.  As  a  proof  of  the  correct- 
ness of  this  view,  the  French  chemists  show  that  all  of  these 
organic  acids  possess  distinct  but  common  properties,  which 
in  any  view  oblige  us  to  place  them  in  a  class  by  themselves. 
Why  not,  then,  assume  the  totality  of  these  common  proper- 
ties as  the  definition  of  a  bibasic  acid?  Bat  admit  this  defi- 
nition, and  many  inorganic  acids,  as,  for  example,  sulphurous 
and  sulphuric  acids,  become  bibasic,  and  here  we  soon  meet 
with  serious  difficulties.  But,  furthermore,  Gerhardt  and 
Laurent  show  that,  in  very  many  organic  compounds,  the 
number  of  equivalents  of  oxygen  is  also  even.  They  there- 
fore double  the  equivalent  of  this  element,  and  are  conse- 
quently obliged  to  double  the  equivalents  of  all  those  bodies, 
inorganic  as  well  as  organic,  in  which  the  number  of  equiva- 
lents of  oxygen,  as  they  are  now  written,  is  odd.  In  this 
manner  the  formula  of  water  becomes  O'Ha,  ether  is  C'4HioO', 
and  anhydrous  acetic  acid  C'iHaO'g,  where  the  accent  is  used  to 
distinguish  the  new  equivalent  It  will  be  immediately  seen 
that,  if  the  equivalent  of  oxygen  be  doubled,  a  radical  change 
must  be  made  in  all  the  formulas  of  inorganic  chemistry  into 
which  oxygen  enters.  Thus,  all  protoxides  must  be  written 
R2O';  the  deutoxides  become  RO';  the  nitrates  become 
NO'aR,  and  the  nitrites  NO'jR.  The  supposition  of  the 
French  chemists,  that  the  volumes  of  all  bodies  in  the  gase- 
ous state  are  equal,  leads  also  at  once  to  the  conclusion,  that 
the  equivalents  of  oxygen  and  carbon  are  respectively  sixteen 
and  twelve  (H=s  1).  Finally,  a  careful  study  of  the  relations 
between  the  physical  properties  of  organic  compounds  appears 
to  afford  a  complete  confirmation  of  the  new  views.  Thus, 
Kopp  long  since  showed  that  between  the  boiling  points  of 
the  successive  members  of  any  homologous  series  there  exists 
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a  common  difference  of  abont  19^  C.  In  a  recent  discussion 
of  the  formnlas  of  the  alcohols,  ethers,  and  anhydrous  organic 
acids,  Will  has  shown  that,  if  Kopp's  law  be  admitted,  the 
foimnias  of  the  ethers  and  anhydrous  acids  must  be  doubled, 
as  the  double  equivalent  of  oxygen  requires.  Again,  Kopp 
has  proved  that,  in  order  to  obtain  the  true  specific  volumes  of 
organic  compounds,  the  densities  of  the  bodies  must  be  taken 
at  or  near  their  boiling  points.  By  specific  volumes  it  will 
be  remembered  that  we  understand  the  relative  spaces  occu- 
pied by  the  equivalents,  and  these  are  calculated  by  dividing 
the  equivalents  by  the  corresponding  densities.  Now,  a  com- 
parison of  the  specific  volumes  of  fluid  compounds  appears  to 
show  that  the  equivalents  of  ether  and  the  anhydrous  acids 
above  mentioned  are  twice  as  high  as  usually  admitted.  The 
boiling  points,  as  well  as  the  specific  volumes,  of  the  fluid 
compounds  hitherto  examined,  may  be  brought  under  one 
point  of  view  by  assuming,  with  Williamson  and  Gerhardt, 
that  the  formula  of  water  is  O'Ha,  and  that  the  unibasic  acids, 
ethers,  alcohols,  and  anhydrous  acids  may  all  be  considered 
as  derived  irom  water  by  the  replacement  of  one  or  both  the 
equivalents  of  hydrogen  by  other  radicals.  The  following 
formulas  will  sufl&ciently  illustrate  these  points  :— 

Water.  Alcohol.  Ether.  Acetic  Acid. 

Aoh.  Ac.  Acid.  Mixed  Ether.  Mix.  Acid. 

^,  I  C4H8O'  p|,  (  CaHa  |-|,  5  C4H3O' 

^  I  C,H,0'  ^  \  C4H5  ^  I  CHO'- 

Purely  physical  considerations  certainly,  then,  give  us  every 
reason  to  hope  that  we  may  hereafter  determine  the  true 
molecular  structure  of  organic  bodies,  and  that  our  knowledge 
is  not  to  be  limited  to  empirical  formulas. 

It  must  then,  I  think,  be  admitted  that  the  evidence  in  favor 
of  doubling  the  received  equivalents  of  carbon  and  oxygen  is 
of  great  weight,  and  that  the  adoption  of  this  change  will 
^eatly  simplify  most  of  our  formulas.    Let  us  then  briefly 
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consider  the  objections  to  these  changes.  In  the  first  place, 
I  remark,  that  if  the  equivalent  of  oxygen  be  doubled, 
that  of  sulphur  must  also  be  changed  in  the  same  ratio. 
Now,  the  volume  of  the  vapor  of  sulphur  is  one  third  of  that 
of  oxygen.  If  we  admit,  with  the  French  chemists,  that  all 
bodies  have  the  same  volume  in  the  gaseous  state,  the  equiva- 
lent of  sulphur  as  now  received  must  be  multiplied,  not  by  2, 
but  by  6.  There  will  then  be  no  analogy  between  the  formu- 
las of  the  compounds  of  sulphur  and  those  of  oxygen,  between 
which  the  chemical  parallelism  is  perfect  Again,  the  re- 
searches of  Frankland  have  recently  shown  that  the  volume 
of  gaseous  zinc  is  not  two,  like  that  of  hydrogen,  which  the 
French  chemists  consider  as  the  type  of  all  the  metals,  but 
one,  like  that  of  oxygen  and  carbon.  And,  generally,  experi- 
ment shows  that  elements  which  belong  to  the  same  natural 
group  do  not  always  possess  the  same  volume  in  the  state  of 
vapor.  It  becomes,  then,  from  this  point  of  view,  very  diffi- 
cult to  admit  the  theory  of  equal  volumes  and  the  equivalents 
which  flow  from  it  In  the  second  place,  it  appears,  I  think, 
necessary  to  admit  that  chlorine  with  the  equivalent  35.5  = 
(2  vols.)  can  replace  oxygen  with  the  equivalent  8  =  (1  voL), 
and  it  is  certain  that  sulphur  eq.  16  =  (J  vol.)  can  replace 
oxygen,  the  combining  volume  of  which  is  three  times  as  high. 
The  third  obvious  difficulty  arises  from  the  constitution  of  the 
salts  of  the  sesquioxides.  Thus  alum  is  KO,  SO3  +  AUOa, 
3  SO3  +  24  HO,  with  the  usually  received  equivalents.  But 
if  sulphuric  acid  be  bibasic,  how  are  we  to  explain  such 
compounds  as  AliOd,  3  SO3?  Gerhardt  very  ingeniously  sup- 
poses that  in  the  so-called  sesquioxides  there  exist  metals  with 
two  thirds  of  the  equivalents  of  the  same  metals  in  iheii  pro- 
tooddes.  Thus  sesquioxide  of  iron  is  not  FejOg,  but  3  feO, 
where  fe  =  §  Fe.  This  view  leads  at  once  to  many  very 
simple  and  beautiful  formulas,  but  it  leaves  unexplained  the 
fact  that  the  new  protoxide  feO  and  its  congeners  so  frequent- 
ly enter  into  combination  in  the  proportion  of  three  equiva- 
lents.    Lastly,  we  may  remark  that  the  indications  afforded 
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by  a  comparison  of  physical  constants  are  at  best  somewhat 
precarioas  and  uncertain.  Thus  may  it  not  be  that,  in  the 
case  of  Kopp's  law  of  the  difference  between  the  boiling 
points  of  bomologous  bodies,  the  true  expression  should  be, 
"  Homologous  bodies  differ  in  boiling  points  cither  by  19^  C, 
or  by  some  multiple  of  this  number  "  ?  Again,  while  the  boil- 
ing points  of  the  oxygen  compounds  of  ethyl,  acetyl,  &c.  ap- 
pear to  confirm  the  views  of  Laurent  and  Qerhardt,  those  of 
the  corresponding  sulphur  compounds  appear  to  follow  en- 
tirely different  laws.  Thus  the  sulphides  of  ethyl  and  methyl 
are  less  yolatile  than  sulphide  of  hydrogen,  while  the  oxides 
of  the  same  radicals  are  more  volatile  than  water.  The  oxy- 
gen alcohols  of  ethyl  and  methyl  are  less  volatile  than  their 
ethers,  the  sulphur  alcohols  are  more  volatile  than  the  corre- 
sponding sulphides.  If  the  existence  of  a  certain  law,  con- 
necting the  boiling  points  of  a  series  of  oxides,  proves  that 
these  oxides  have  a  particular  molecular  constitution,  then 
the  absence  of  such  a  law,  or  the  existence  of  a  converse  one, 
proves  that  the  corresponding  sulphides  have  a  different  con- 
stitution. It  is  to  be  hoped  that  the  very  interesting  and 
vaJaable  researches  of  Kopp  on  the  boiling  points  and  specific 
volumes  of  organic  bodies  will  be  extended  to  those  which 
contain  sulphur.  These  then  are  the  questions  upon  which 
the  opinions  of  chemists  are  now  divided.  They  amount  to 
presenting  us  with  this  alternative, —  Shall  we  extend  the  laws 
which  govern  the  constitution  of  inorganic  bodies  to  organic 
compounds,  or  shall  organic  chemistry  embrace  inorganic 
chemistry  as  a  particular  case? 

In  concluding  a  report  which,  I  am  conscious,  presents  but 
a  superficial  sketch  of  its  subject,  I  have  only  to  ask  that  the 
nature  of  the  occasion,  and  the  point  of  view  from  which  I 
have  been  compelled  to  write,  may  be  duly  considered. 
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I.    MATHEBiATICS. 

1.  Oh  SoLTJTioNS  BY  CONSTRUCTION.     By  Rev.  Thomas  Hill,  of 
Waltham,  Mass. 

The  refined  analysis  of  modem  days,  aided  by  the  invention  of 
logarithms  and  other  facilities  for  computation,  has  almost  entirely 
banished  solutions  by  construction  from  the  office  of  the  engineer.  It 
has  also  done  a  more  serious  mischief,  by  almost  entirely  banishing 
Greometiy  from  the  course  of  education. 

1  need  not  attempt  to  show  that  this  must  be  a  mischievous  error, 
Tor  every  student  of  the  mathematical  sciences  knows  that  Geometry 
must  ever  be  the  foundation  of  all  learning.  I  shall  confine  myself  to 
the  other  point,  —  the  value  to  the  practical  mathematician  of  solu- 
tions by  construction.  My  attention  has  been  called  anew  to  this 
subject  by  a  memoir  of  Professor  Cooke  in  the  Memoirs  of  the 
American  Academy,  in  which  he  illustrates  a  paper  upon  the  com- 
pounds of  zinc  and  antimony  by  a  curve  line,  possessing  singular 
properties,  which  could  not  have  been  brought  to  light  if  the  curve  had 
not  been  first  made  visible  to  the  eye.  When  a  function  is  geometri- 
cally constructed,  or  a  series  of  numbers  rendered  visible  by  being 
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represented  by  lines,  the  continuity  or  discontinuity  of  the  curve  is 
much  more  readily  perceived  than  it  can  be  from  an  inspection  of  the 
numbers  themselves. 

It  is  true  that  geometrical  construction  can  seldom  be  accurate  in 
the  fourth  decimal  place,  counting  from  the  highest  place  mapped, 
and  therefore,  when  greater  accuracy  than  this  is  required,  calcula- 
tion is  indispensable.  But  in  very  many  of  the  practical  cases  which 
actually  occur,  no  greater  accuracy  is  desired,  or  is  even  possible ; 
and  in  such  cases  we  should  avail  ourselves  of  geometrical  construc- 
tion, if  that  construction  will  give  us  the  result  more  rapidly. 

Interpolation 

Affords  us  a  good  example.  In  interpolating  among  a  series  of  ob- 
served numbers,  some  assumption  as  to  the  nature  of  the  curve  must 
always  be  made,  and  hence  perfect  accuracy  of  results  is  impossible. 
We  may  therefore  generally  obtain  equally  good  results  by  construc- 
tion, and  in  much  less  time  than  would  be  required  to  calculate 
them. 

If  there  are  three  observed  points,  a  circle  passing  through  them  is 
the  most  natural  curve.  If  there  are  more  than  three,  we  may  con- 
nect them  by  a  succession  of  chords,  and  the  mutual  intersection  of 
perpendiculars  raised  upon  the  centres  of  these  chords  will  make  a 
part  of  a  polygon  tangent  to  a  curve,  whose  involute  will  be  a  curve 
passing  through  the  given  points.  By  drawing  this  e volute  by  the 
eye,  and  setting  in  a  few  pins,  we  can,  with  a  string,  strike  the  re- 
quired curve. 

In  this  way  we  can  almost  instantly  make  any  required  number  of 
interpolations,  accurate  to  the  hundredth  of  an  inch,  which,  on  the 
usual  scale  of  units  in  mapping,  is  as  accurate  as  the  observations  re- 
quire ;  that  is,  it  is  within  hundredths  of  the  difference  between  two 
successive  observations.  If  greater  accuracy  is  required,  recourse 
must  be  had  to  calculation,  by  Alexander's  formula  in  Silliman's 
Journal  for  January,  1849,  or  some  other  usual  formula. 

That  formula  and  my  own  mode  by  projecting  the  evolute  both 
give  curves  which  exactly  satisfy  all  the  observations.  But  there  are 
frequently  cases  in  which  we  know  that  the  observations  ought  not  to 
be  exactly  satisfied.  We  may,  for  instance,  know  that  the  curve 
ought  to  be  a  parabola  or  ellipse,  and  yet  find  that  the  curve  through 
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the  given  points  has  contrary  flexures.  In  this  case  the  alternate  ob- 
servations may  he  connected,  and  two  evolutes  found.  An  evolute 
may  then  he  drawn  by  the  eye  equidistant  between  them,  and  the 
involute  drawn  with  a  string  long  enough  to  make  it  pass  equidistantly 
among  the  observed  points.  In  case  of  sufficient  observations  to  allow 
the  two  curves  to  be  well  determined,  this  plan  is  very  successful. 
In  the  case  of  a  small  number  of  points,  there  is  nothing  left  but  for 
the  eye  to  determine  what  weight  shall  be  allowed  to  each  observa- 
tion, an  operation  which,  in  ordinary  cases,  may  be  as  safely  trusted 
to  the  eye  as  to  the  pencil.  The  "  fudging  ^'  of  practical  engineers, 
and  the  rule  of  Double  Position,  stand  on  the  same  foundation.  They 
should  not  be  frowned  upon  as  inexact  modes  of  discovering  truth. 
Their  method  lies  at  the  basis  not  only  of  all  science,  but  of  politics, 
agriculture,  commerce,  medicine,  jurisprudence,  and  I  almost  might 
say  morality. 

Rejection  of  Doubtful  Observations, 

When  observations  are  mapped  for  the  purpose  of  interpolation,  or 
for  other  purposes,  the  eye  will  instantly  detect  the  observations  to  be 
rejected.  In  most  practical  cases,  excepting  in  the  marvellously 
minute  and  accurate  calculations  of  astronomy,  the  application  of 
Peirce^s  Criterion  would  consume  time  disproportionate  in  value  to  the 
result  In  all  such  cases,  a  glance  of  the  eye  at  the  observations,  when 
mapped  or  plotted,  will  tell  which  observation  ought  to  be  rejected, 
and  the  mapping  of  the  observations  for  such  a  purpose  need  not  be 
at  all  carefully  done.  Where  the  eye  hesitates,  the  formula  would 
also  hesitate ;  that  is,  it  would  require  the  numbers  to  be  carried  out 
to  a  higher  decimal  place. 

Solutions  of  Problems. 

In  the  solutions  of  problems  by  geometrical  construction,  we  are  to 
be  guided  always  by  two  considerations,  —  the  degree  of  accuracy 
desired,  and  the  relative  rapidity  of  construction  and  computation. 
For  ordinary  calculations  of  trigonometry,  nothing  would  be  gained 
in  time  by  geometry,  and  much  lost  in  accuracy.  But  there  are  other 
problems  of  more  intricacy,  and  in  which  great  accuracy  is  not  re- 
quired, in  which  a  mechanical  construction  gives  results  very  rapidly. 
In  eclipses  of  the  sun,  for  example,  it  seems  a  great  waste  of  labor  to 
6* 
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calculate  with  accuracy  the  phases  for  the  whole  continent^  when  the 
day  of  the  eclipse  may  be  signalized  by  one  of  those  extended  north- 
east storms  that  cloud  half  the  continent  with  an  impenetrable  veil. 
To  save  this  waste  of  labor,  I  was  requested  some  years  ago  by  Pro- 
fessor Peirce  to  invent  a  machine  to  perform  these  calculations.  By 
this  machine  I  computed  more  than  two  hundred  phases  of  the  eclipse 
of  May,  1854,  m  ten  hours'  time,  and  found  that  most  of  my  places 
agreed  to  the  nearest  minute  with  the  accurate  map  afterwards  issued 
for  the  Nautical  Almanac  Office.  Last  Friday  I  spent  about  four 
hours  in  calculating  the  chart,  accompanying  this  paper,  of  the  eclipse 
of  March,  1857.» 

But  I  have  said  enough  to  illustrate  the  central  thought  of  this 
paper.  I  wished  to  show  that  there  are  many  cases  in  which  the 
scientific  computer  could  save  time,  without  the  sacrifice  of  any  de- 
sirable degree  of  accuracy,  by  appealing  to  his  eye  and  compasses  to 
do  the  work  of  the  pen ;  and  many  others  in  which,  like  Professor 
Cooke,  in  the  memoir  to  which  I  have  alluded,  he  could  obtain  much 
clearer  ideas  of  the  nature  of  a  function  by  looking  at  the  observations 
of  its  phenomena  drawn  as  a  curve,  instead  of  being  arranged  in 
tabular  numbers.  The  time  of  a  good  computer  is  certainly  too  valu- 
able to  be  wasted  in  labors  upon  rough  data,  to  which  construction  is 
better  adapted ;  or  in  revising  intricate  and  tedious  calculations,  when 
geometrical  tests  can  be  applied  which  will  decide  the  question  at  a 
glance. 

*  The  chart  has  had  some  additional  labor  smce  bestowed  upon  it,  but  not  more 
than  six  hours  were  necessary  from  the  time  the  Tables  of  the  Moon  were  first 
opened,  until  the  chart  was  finished  in  its  present  form. 
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2.    ASSTBACT    OF    A   PaFEB   OXf  BeSEAECHES   IN   ANALYTIC   MORPHOL- 

06T.     Tbansfobmation  of  Curves.     By  Professor  Benjamin 
Peibce,  of  Cambridge. 

The  singular  changes  which  the  forms  of  curves  undergo  by  vari- 
ations of  the  elements  upon  which  they  depend,  deserve  philosophical 
study,  and  may  serve  to  illustrate  the  varieties  of  form  which  are  ob- 
served in  the  organic  world  to  originate  from  the  different  fundamental 
types.  The  following  are  the  special  points  which  are  the  subject  of 
the  present  investigation. 

1st  llie  recurrence  of  the  same  forms  in  radically  different  types. 
Thus  the  circle  is  one  of  the  conic  sections,  it  is  an  elastic  curve,  it  is 
the  extreme  limit  of  the  curves  which  are  similar  to  their  own  in- 
volute, it  belongs  to  the  class  of  catenary  upon  any  vertical  surface  of 
revolution,  and  on  account  of  its  simplicity  must  occur  in  almost  every 
symmetrical  system  of  curves.  Its  occurrence  in  each  of  these  classes 
is  not,  therefore,  a  valid  argument  against  a  system  of  classification  in 
which  any  or  all  of  these  types  should  be  recognized  as  separate 
groups,  nor  is  it  a  proof  that  such  a  system  is  artificial  and  opposed  to 
sound  logic.  But,  on  the  contrary,  it  would  seem  to  indicate  that,  as 
in  the  forms  which  might  originate  in  our  intellect  there  would  be  a 
true  crossing  and  interlacing  of  thought,  the  same  thing  may  be  rea- 
sonably expected  in  the  forms  which  proceed  from  the  Divine  intellect, 
so  that  in  a  true  system  of  nature  the  very  same  type  would  be  found 
in  quite  difierent  portions  of  the  classification.  In  the  same  way  the 
equilateral  hyperbola  which  is  associated  with  the  ellipse  as  a  conic 
section,  is  wholly  separated  from  this  curve,  and  even  from  all  the 
other  hyperbolas  when  it  becomes  a  catenary  upon  the  vertical  cone. 
Geometry  is  rich  in  similar  instances  of  this  recurrence  of  the  same 
form  in  different  types. 

2d.  The  great  variety  of  apparently  different  forms  which  are  sub- 
ject to  the  same  intellectual  law  of  development.  The  conic  sections 
aie  familiar  examples  of  this  phenomenon,  and  the  elastic  curve,  which 
begins  in  the  straight  line,  is  slightly  undulatory  in  its  first  curvation, 
then  bends  back  upon  itself  in  large  folds  which  please  the  eye  by 
their  regular  intersections,  then  is  compressed  into  the  simple  form  of 
a  figure  eight  (8),  by  still  further  pressure  assumes  another  variety  of 
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intersecting  folds,  becomes  then  a  system  of  delicate  loops  which 
twist  alternately  in  opposite  directions,  and  are  continually  removed 
from  each  other  until  they  are  reduced  to  a  single  loop  with  two 
infinite  branches  which  affect  at  their  extremities  a  form  of  especial 
simplicity.  The  elastic  curve  next  assumes  a  form  of  loops  in  which 
the  curvation  is  always  in  the  same  direction,  and  these  loops  ap- 
proach by  increased  compression  until  they  intersect  each  other,  and 
are  finally  reduced  to  the  single  form  of  the  circle  which  may  be 
called  the  elastic  ring. 

3d.  The  different  appearance  of  the  same  intellectual  idea  when 
clothed  in  a  different  material  form.  Thus  the  variety  of  form  of  the 
elastic  curve  disappears  in  the  motion  of  the  pendulum,  which  is  the 
expression  of  the  same  law  of  thought,  but  which  only  exhibits  the 
monotony  of  perpetual  vibration,  or  the  equal  monotony  of  continual 
rotation  in  the  same  direction  with  periodic  returns  of  the  same 
velocity  of  motion,  when  it  is  urged  with  sufficient  rapidity  to  make  a 
complete  revolution.  The  conceptions  of  the  ellipse  and  hyperbola 
with  reference  to  the  distance  of  their  points  from  their  foci  seem  to 
be  fitly  expressed  in  the  difference  of  their  forms ;  but  when  these 
same  conceptions  are  transferred  to  the  surface  of  the  sphere,  the 
forms  become  identical,  and  the  conceptions  are  to  be  regarded  as 
slightly  different  and  mutually  dependent  properties  of  the  same 
curve. 

4th.  The  changes  in  the  mutual  relation  of  the  parts  of  the  curve 
which  accompany  its  changes  of  form.  This  is  particularly  conspicu- 
ous when  the  curve  passes  through  any  of  its  singular  states.  Thus 
when  the  axes  of  the  hyperbola  vanish,  the  curve  becomes  two 
straight  lines  which  cut  each  other,  but  one  half  of  each  line  belongs 
to  one  of  the  branches  of  the  original  hyperbola,  while  the  other  half 
belongs  to  the  other  branch.  These  same  two  lines  are  also  the 
evanescent  state  of  a  different  hyperbola,  of  which  the  branches  are 
situated  in  the  other  angles  of  the  lines.  If  the  lines  are  assumed  to 
represent  the  first  hyperbola,  the  halves  which  represent  a  branch  by 
their  combination  are  different  from  those  which  belong  together  in 
the  second  hyperbola ;  so  that,  upon  reaching  the  point  of  intersection 
by  moving  towards  it  along  one  of  the  lines,  it  is  uncertain  always  on 
which  half  of  the  other  line  the  motion  should  be  properly  continued. 
It  is  interesting  to  observe  that,  on  the  occurrence  of  such  cases  in 
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natuxe,the  decision  is  always  avoided  by  some  simultaneous  phe- 
nomenon which  renders  it  unnecessary.  Thus,  in  the  rotation  of  a 
free  solid,  when  the  body  begins  to  rotate  about  an  axis  of  rotation 
which  is  upon  the  line  of  direct  approach  to  the  mean  axis  of  rotation, 
it  would  be  doubtful,  when  the  axis  of  rotation  reached  the  mean  axis, 
in  which  direction  it  should  begin  to  move  away  from  this  position  ; 
bat  this  uncertainty  is  wholly  speculative,  for  the  velocity  of  approach 
towards  the  mean  axis  constantly  diminishes  until  it  is  infinitely  small 
in  the  immediate  vicinity  of  this  axis,  so  that  the  decision  of  the  ques- 
tion must  be  postponed  till  the  close  of  an  infinite  time. 


3.  Abstbact  op  a  Papbr  upon  the  Solution  of  thb  Adams 
Prize  Problem  for  1857.  By  Professor  Benjamin  Pbirce,  of 
Cambridge. 

Toe  following  announcement  of  the  Adams  Prize  is  from  the 
"  Quarterly  Journal  of  Pure  and  Applied  Mathematics,"  edited  by 
Professor  Sylvester  and  Mr.  Ferrers,  assisted  by  Professor  Stokes,  Mr. 
Cayley,  and  M.  Hermite :  — 

**  The  University  of  Cambridge  having  accepted  a  fund  raised  by 
several  members  of  St  John^s  College,  for  the  purpose  of  founding  a 
Prize,  to  be  called  the  Adams  Prize,  for  the  best  essay  on  some  sub- 
ject of  pure  mathematics,  astronomy,  or  other  branch  of  natural  phi- 
losophy, the  prize  to  be  given  once  in  two  years,  and  to  be  open  to 
the  competition  of  all  persons  who  have  at  any  time  been  admitted  to 
a  degree  in  this  University,  the  examiners  have  given  notice  that  the 
following  is  the  subject  for  the  prize  to  be  adjudged  in  1857  :  — 

"  The  Motion  of  Saturn's  Rings. 
^*  The  problem  may  be  treated  on  the  supposition  that  the  system  of 
rings  is  exactly  or  very  approximately  concentric  with  Saturn,  and 
symmetrically  disposed  about  the  plane  of  his  equator,  and  different 
hypotheses  may  be  made  respecting  the  physical  constitution  of  the 
rings.  It  may  be  supposed,  (1.)  that  they  are  rigid ;  (2.)  that  they  are 
fluid,  or  in  part  aeriform  ;  (3.)  that  they  consist  of  masses  of  matter 
not  mutually  coherent.  The  question  will  be  considered  to  be  an- 
swered by  ascertaining,  on  these  hypotheses  severally,  whether  the 
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conditions  of  mechanical  stability  are  satisfied  by  the  mutual  attrac- 
tions and  motions  of  the  planet  and  the  rings. 

^'  It  is  desirable  that  an  attempt  should  also  be  made  to  determine 
on  which  of  the  above  hypotheses  the  appearances  both  of  the  bright 
rings  and  the  recently  discovered  dark  ring  may  be  most  satisfac- 
torily explained ;  and  to  indicate  any  cause  to  which  a  change  of 
form,  such  as  is  supposed,  from  a  comparison  of  modem  with  the 
earliest  observations,  to  have  taken  place,  may  be  attributed. 

"  The  essay  must  be  sent  in  to  the  Vice-Chancellor  on  or  before 
the  16th  of  October,  1856,  privately ;  each  is  to  have  some  motto 
prefixed,  and  to  be  accompanied  by  a  paper  sealed  up,  with  the  same 
motto  outside,  which  paper  is  to  inclose  another,  folded  up,  having 
the  candidate's  name  and  college  written  within. 

"  The  papers  containing  the  names  of  those  candidates  who  may 
not  succeed,  will  be  destroyed  unopened. 

'^  Any  candidate  is  at  liberty  to  send  in  his  essay  printed  or  litho- 
graphed. 

^'  The  successful  candidate  will  receive  £  130.  He  is  required  to 
print  his  essay  at  his  own  expense,  and  to  present  a  copy  to  the  Uni- 
versity Library,  to  the  Library  of  St.  John's  College,  and  to  each  of 
the  four  Examiners.'' 

Prizes  of  this  kind  have  not  yet  been  established  in  America,  and  it 
is  to  be  hoped  that  they  never  will  be ;  for  they  serve  to  divert  an  ex- 
cess of  intellectual  power  from  its  natural  channel,  and  concentrate  it 
upon  a  single  object  of  research,  obtaining  thereby  many  solutions  of 
a  problem,  of  which  only  one  can  be  required.  They  are  peculiarly 
unsuited  to  an  atmosphere  of  free  thought,  and  can  only  receive  the 
cordial  approbation  and  response  of  minds  which  are  hardened  to  the 
trammels  of  despotism  or  oligarchy.  The  only  prizes  which  can  be 
regarded  as  of  unalloyed  utility  are  those  which,  like  the  Rumford 
Premium,  the  medals  of  the  Royal  Society,  the  Cuvier  Prize,  and 
many  others  connected  with  the  science  of  France  and  Germany,  are 
awarded  to  successful  labors  actually  performed  under  the  unrestricted 
influence  of  genuine  philosophic  inspiration.  The  present  case  de- 
serves especial  criticism,  in  that  a  prize  is  not  likely  to  elevate  the 
science  of  a  community  from  which  foreign  competition  is  carefully 
excluded. 

The  present  subject  of  the  Prize  has  been  already  discussed  before 
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this  Association  ;  and  in  a  memoir,  which  was  read  at  the  Cincinnati 
meeting,  the  fundamental  problem  was  solved  in  a  most  general  form, 
and  the  principles  of  the  solution  have  been  published  in  Gould's  As- 
tronomical Journal,  with  sufficient  detail  to  enable  any  geometer  of 
high  ability  to  supply  the  deficient  formulae.  Other  pursuits  have 
prevented  the  final  working  of  the  formulas  into  forms  of  sufficient 
elegance  for  publication.  The  restrictions  of  the  present  prize  greatly 
fiicilitate  the  discussion,  and  enable  the  mathematical  development  to 
assume  such  a  simplicity  that  it  may  easily  come  within  the  grasp  of 
ordlnaTy  geometrical  capacity,  and  I  have  therefore  thought  it  expe- 
dient to  present  it,  in  this  form,  to  the  Association,  and  it  will  be  im- 
mediately published  in  Gould's  Journal.  The  only  important  change 
from  the  general  mode  of  discussion  consists  in  the  application  of  the 
theory  of  the  Potential,  given  by  Gauss,  and  still  further  developed  in 
a  treatise  of  Analytic  Mechanics  which  is  soon  to  be  published.  The 
ailment  against  the  solidity  of  the  ring  will  probably  be  admitted  to 
be  satisfactory  and  complete.  The  objections  to  a  ring  composed  of 
discontinuous  materials  are  derived  from  the  internal  currents  to 
which  such  a  S3rstem  must  be  liable,  and  which  cannot  fail  to  reduce 
it  eiiYieT  to  a  powder  or  to  a  fluid  state  ;  so  that  no  other  reasonable 
hypothesis  remains  but  that  of  a  fluid  ring. 

The  various  changes  in  the  constitution  of  the  ring,  which  have 
been  observed  by  astronomers,  are  confirmatory  evidence  of  its  fluid 
nature.  The  appearance  and  disappearance  of  the  finer  divisions  in- 
dicate internal  commotions  and  collisions,  which  are  likely  to  be  asso- 
ciated with  a  loss  of  living  force.  The  decrease  of  the  internal 
diameter  of  the  ring,  which  is  indicated  by  the  able  researches  of 
Otto  Struve,  with  an  accumulation  of  testimony  which  is  hard  to  be 
resisted,  may  perhaps  be  the  effect,  and  therefore  a  manifestation,  of 
this  loss  of  power ;  in  which  case,  it  would  seem  that  a  portion  of  the 
ring  is  likely  to  fall  upon  the  primary  before  another  century  has 
elapsed.  Or  this  phenomenon  may  be  a  great  secular  tide  produced 
by  the  action  of  the  satellites,  which,  however,  could  hardly  occur 
without  a  sensible  loss  of  force ;  so  that  even  in  this  case  an  important 
change  in  the  constitution  of  the  ring  would  not  seem  to  be  a  very  re- 
mote contingency.  But  the  action  of  the  satellites  upon  the  ring  is 
not  included  in  the  demands  of  the  prize,  so  that  the  discussion  of  the 
tides  of  the  ring  will  be  postponed  to  a  subsequent  occasion. 


72  A.    MATHEMATICS   AND   PHYSICS. 


4.  Abstract  of  a  Paper  on  Partial  Mxtltiplibrs  of  Differen- 
tial Equations.  By  Professor  Benjamin  Peirce,  of  Cam- 
bridge. 

Two  systems  of  multipliers  of  simultaneous  differential  equations 
have  been  made  the  subject  of  previous  investigation,  one  of  which 
was  discovered  by  Euler,  and  the  other  by  Jacobi.  The  contrast  be- 
tween these  multipliers  is  curious  and  interesting ;  for  every  system 
of  Eulerian  multipliers  corresponds  to  a  first  integral  of  the  given 
equations,  while  the  Jacobian  multiplier  corresponds  to  a  last  integral 
of  the  equations.  In  comparing  and  examining  these  multipliers,  I 
have  been  led  to  the  discovery  of  a  general  system  of  multipliers, 
which  includes  both  of  those  previously  known.  They  are  such  that, 
for  every  system  of  these  multipliers  which  is  of  any  order  whatever, 
there  is  a  corresponding  integral  of  the  given  equations.  The  mathe- 
matical definition  and  investigation  of  these  multipliers  will  be  pub- 
lished in  Gould^s  Astronomical  Journal  and  in  the  System  of  Analytic 
Mechanics. 


5.  Abstract  of  a  Paper  upon  the  Catenary  on  the  Vertical 
Right  Cone.    By  Professor  Benjamin  Peirce,  of  Cambridge. 

The  investigation  of  the  form  of  a  uniform  chain  upon  a  surface  of 
revolution,  of  which  the  axis  is  vertical,  may  be  referred  to  that  of 
the  asymptotic  equilateral  hyperholoid^  which  has  the  same  axis ;  that 
is,  to  the  surface  formed  by  the  revolution  of  an  equilateral  hyperbola 
about  either  of  its  asymptotes.  The  catenary  upon  this  hyperboloid 
crosses  the  meridian  curve  at  a  constant  angle  ;  and  if  the  centre  of 
the  hyperboloid  is  rightly  placed  upon  the  axis  of  the  given  surface, 
the  angles  which  the  curve  makes  with  the  meridian  of  the  surface 
will  be  the  same  as  all  the  circles  of  its  intersection  with  the  hyper- 
boloid. If,  then,  the  hyperboloid  is  made  of  such  a  magnitude  as  to 
pass  through  one  of  the  limiting  points  of  the  catenary,  that  is,  one  of 
the  points  in  which  the  curve  is  horizontal,  it  must  pass  through  all 
the  other  limiting  points  of  the  catenary.     Hence  the  limits  of  the 
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catenary  are  derived  from  the  simple  inspection  of  the  points  of  inter- 
section of  the  meridian  curve  of  the  surface  of  revolution,  with  a 
fitly  adjusted  equilateral  hyperbola.  In  the  case  of  the  right  cone,  the 
meridian  curve  is  a  straight  line,  so  that  the  determination  of  the 
points  of  the  catenary  upon  a  vertical  right  cone  involves  the  discussion 
of  the  intersections  of  a  straight  line  with  an  equilateral  hyperbola. 

The  catenary  extends,  in  all  cases,  over  those  portions  of  the  sur- 
face of  revolution  which  are  more  remote  from  the  axis  of  revolution 
than  those  of  the  limiting  hyperboloid  which  are  upon  the  same  level, 
and  is  excluded  from  the  other  portions  of  this  surface.  In  the  case 
of  the  vertical  right  cone,  the  catenary  may  consist  of  three  portions, 
of  which  the  intermediate  portion  may  return  into  itself,  while  the 
other  two  portions  extend  to  infinity  ;  or  the  intermediate  portion  may 
wholly  disappear.  The  complete  definition  of  this  catenary  is  efiected 
by  the  aid  of  elliptic  integrals. 

The  formulae  will  be  published  in  the  Analytic  Mechanics. 


6.  Abstract  of  a  Paper  upon  the  Motion  of  a  Heavy  Body 
ON  THE  Circumference  of  a  Circle  which  rotates  uniformly 
about  a  Vertical  Axis.  By  Professor  Benjamin  Peirce,  of 
Cambridge. 

The  motion,  in  this  problem,  may  be  either  oscillatory  or  continu- 
ally in  the  same  direction,  with  a  certain  law  of  periodicity.  In  the 
case  of  the  motion  continued  in  the  same  direction,  there  are  usually 
two  points  of  maximum  and  two  of  minimum  velocity,  which  are  de- 
termined by  the  intersections  of  the  circumference  with  an  equilateral 
hyperbola  which  is  drawn  in  its  plane  so  as  to  pass  through  the  centre 
of  the  circle,  with  one  of  its  asymptotes  horizontal,  and  of  which  the 
co-ordinates  of  the  centre  are  quite  simply  determined.  When  the 
motion  is  oscillatory,  the  two  points  of  maximum  velocity  may  remain, 
but  one  of  the  points  of  minimum  velocity  must  be  on  the  portion  of 
the  circumference  which  the  body  does  not  pass  through. 

The  case  of  the  coincidence  of  one  of  the  points  of  maximum  with 
one  of  those  of  minimum  velocity,  leads  to  a  new  and  simple  geo- 
metrical property  of  the  equilateral  hyperbola. 

The  case  in  which  the  initial  velocity  of  the  body  is  just  sufficient 
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to  cany  it  to  one  of  the  points  of  minimum  velocity,  admits  of  com- 
plete integration. 

The  full  investigation  of  this  problem  is  contamed  in  the  Analytic 
Mechanics. 


7.  Abstract  op  a  Paper  on  thb  Resistance  to  the  Motion  of 
THE  Pendulum.    By  Propessor  Benjamin  Peirce,  of  Cambridge. 

This  paper  was  devoted  to  the  examination  and  discussion  of  the 
experiments  of  Newton,  Dubuat,  Borda,  Bessel,  and  Baily  upon  the 
vibrations  of  pendulums,  and  much  doubt  was  thrown  upon  the  cor- 
rectness of  the  generally  received  opinion,  that  the  resistance  to  the 
motion  of  a  very  delicately  mounted  pendulum  is  exclusively  attrib- 
utable to  the  atmosphere.  It  was  suggested  that  a  sensible  part  of 
the  motion  which  was  thought  to  be  lost  from  this  cause,  might  be 
carried  off  by  molecular  vibration  through  the  point  of  support,  and 
this  subject  seems  to  deserve  careful  examination  by  well-conducted 
experiments. 

The  details  of  this  communication  will  be  published  in  the  Analytic 
Mechanics. 


II.    ASTRONOMY. 


1.  On  the  Temperature  of  the  Planets,  and  on  some  of  the 
Conclusions  resulting  from  this  Temperature.  By  Profes- 
sor Elias  Loomis,  of  New  York. 

I  propose  to  inquire  into  the  probable  temperature  of  the  different 
bodies  which  compose  our  solar  system,  and  shall  briefly  advert  to  a 
few  of  the  conclusions  resulting  from  this  temperature.  I  am  aware 
of  the  uncertain  nature  of  many  of  the  data  involved  in  this  inquiry, 
and  that  there  is  room  for  some  diversity  of  opinion  respecting  my 
conclusions ;  but  if  this  communication  shall  have  the  effect  to  stimu- 
late others  to  an  investigation  of  the  same  subject,  my  labor  will  not  be 
without  its  reward. 
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I  shall  commence  my  examination  with  that  hody  with  which  we 
are  best  acquainted,  and  shall  inquire  what  would  be  the  temperature 
of  our  globe  if  the  heat  of  the  sun  were  withdrawn ;  or  what  would  be 
the  temperature  indicated  by  a  thermometer  placed  where  the  earth 
now  is,  supposing  the  bodies  which  compose  the  solar  system  to  be 
annihilated.  It  is  evident  that  the  planetary  spaces  have  a  certain 
constant  temperature,  which  is  independent  of  the  presence  of  the  sun, 
and  of  the  original  heat  which  the  earth  and  planets  have  preserved ; 
for,  otherwise,  the  polar  regions  of  the  earth  would  be  subject  to  an 
intense  cold,  and  the  decrease  of  temperature  from  the  equator  to  the 
poles  would  be  far  more  rapid  than  what  we  actually  observe.  This 
constant  temperature  of  space  is  necessarily  lower  than  the  mean 
temperature  of  the  coldest  regions  of  the  earth ;  but  perhaps  not  lower 
than  those  occasional  extremes  which  may  result  from  evaporation 
and  an  extraordinary  expansion  of  air.  The  mean  temperature  of 
the  month  of  January  at  Jakutzh,  Siberia,  in  Lat.  62®,  according  to 
Professor  Dove,  is  45°  below  zero  of  Fahrenheit ;  and  the  thermometer 
at  that  place  has  been  observed  to  sink  to  76°  below  zero.  We  must 
conclude  that  the  former  temperature  was  somewhat  influenced  by 
the  action  of  the  sun,  for  the  polar  regions  during  the  winter  do  not 
entirely  lose  the  effect  received  from  the  sun's  rays  during  the  pre- 
ceding summer;  and  through  the  intervention  of  winds,  there  is  a 
continued  interchange  between  the  temperature  of  the  polar  and  the 
equatorial  regions. 

The  temperature  of  the  planetary  spaces  has  been  variously  esti- 
mated by  different  philosophers.  Poisson  estimated  it  at  8°  above 
zero  of  Fahrenheit ;  but  how  it  is  possible  that  the  temperature  which 
our  globe  would  take  if  the  sun  did  not  heat  it  at  all,  should  be  higher 
than  the  mean  temperature  of  many  points  of  its  surface  exposed  to 
the  solar  rays  for  more  than  six  months  of  the  year,  is  a  paradox 
which  Poisson  himself  could  not  explain.  Valz  estimated  the  tem- 
perature of  the  planetary  spaces  at  49°  below  zero  ;  Fourier  at  58°  ; 
Arago,  70°  ;  Ivory,  74°  ;  Peclet,76°  ;  Laplace,  91° ;  Saigey,  96°  ;  Sir 
J.  Herschel,  132° ;  and  Pouillet  estimated  it  as  at  least  175°  below 
zero.  The  mean  of  all  these  estimates  is  81°  below  zero,  which  I 
adopt  as  a  tolerable  approximation  to  the  temperature  of  the  planetary 
spaces.  In  forming  this  mean,  I  allow  to  each  of  the  estimates  an 
equal  weight,  because  I  think  it  probable  that  the  estimate  of  Pouillet 
errs  as  much  on  one  extreme  as  that  of  Poisson  does  on  the  other. 
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The  temperature  of  the  earth's  equator  is  about  82**.  But  were  it 
not  for  the  influence  of  the  sun,  this  temperature  would  be  81**  below 
zero ;  for  the  internal  heat  of  the  earth,  however  great  it  may  be  at 
considerable  depths,  is  insensible  at  the  surface.  The  eflect  of  the 
sun's  rays  is  therefore  to  elevate  the  mean  temperature  of  the  equator 
163**,  and  the  mean  temperature  of  the  poles  about  70°. 

If  now  we  assume  that  the  intensity  of  the  sun's  heat  varies  in- 
versely as  the  square  of  the  distance,  we  can  compute  the  mean  tem> 
perature  which  the  earth  would  have  if  situated  at  the  distance  of 
either  of  the  other  planets  from  the  sun.  We  shall  find  that,  at  the 
distance  of  Uranus  or  Neptune,  the  temperature  of  its  equator  would 
differ  less  than  one  degree  from  that  of  the  celestial  spaces ;  at  the 
distance  of  Saturn,  it  would  differ  less  than  two  degrees  ;  and  at  the 
distance  of  Jupiter,  the  temperature  of  its  equator  would  be  only  six 
degrees  above  that  of  the  celestial  spaces.  Each  of  these  planets  is 
much  larger  than  the  earth,  and  for  that  reason  would  be  longer  in  losing 
its  primitive  heat ;  but  as  soon  as  a  solid  crust  of  a  few  miles  in  depth 
was  formed,  it  is  probable  that  the  temperature  of  the  surface  would 
be  but  slightly  influenced  by  the  internal  heat.  In  other  words,  we 
conclude  that  the  temperature  of  the  surface  of  Jupiter,  and  of  all  the 
more  remote  planets,  is  sensibly  the  same  as  that  of  the  celestial 
spaces,  or  81°  below  zero  of  Fahrenheit. 

This  conclusion  will  not  be  materially  affected  by  supposing  these 
planets  to  have  a  much  greater  power  of  absorbing  the  sun's  heat  than 
the  earth ;  for  the  same  physical  conditions  which  increase  the  ab- 
sorbing power  increase  also  the  radiating  power ;  so  that  although  a 
planet  might  absorb  more  heat  during  the  day,  it  would  lose  more 
heat  during  the  night  by  radiation. 

An  atmosphere  tends,  by  its  mobility,  to  equalize  the  effect  of  the 
sun's  action ;  and  it  also  tends  to  increase  the  mean  temperature  of 
the  planet.  The  heat  which  comes  directly  from  the  sun  penetrates 
the  air  more  readily  than  the  heat  which  proceeds  from  non-luminous 
sources.  Were  it  not  for  the  mobility  of  the  air,  the  heat  of  the  sun 
would  therefore  accumulate  in  the  lower  strata  of  the  atmosphere, 
which  would  thus  acquire  a  very  high  temperature  ;  but  since  the  air 
rises  as  soon  as  it  is  heated,  the  radiation  of  its  heat  is  thereby  pro- 
moted ;  and  the  effects  which  would  take  place  in  a  transparent  and 
solid  atmosphere  are  greatly  diminished,  though  not  entirely  neutral- 
ized in  their  character.     Making  the  most  liberal  allowance  for  the 
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effect  of  an  atmosphere,  however  dense,  we  cannot  suppose  the  mean 
temperature  of  Jupiter's  equator  to  be  less  than  70°  below  zero,  and 
that  of  the  remoter  planets  less  than  about  80°  below  zero. 

If  the  earth  were  situated  at  the  distance  of  Mars,  the  heat  which  its 
equatorial  regions  would  receive  from  the  sun  would  amount  to  70°, 
corresponding  to  a  mean  temperature  of  11°  below  zero  at  the  equa- 
tor, and  of  51°  below  zero  at  the  poles.  There  is  nothing  in  the 
atmosphere  of  Mars  to  lead  us  to  infer  that  these  numbers  differ  much 
from  the  actual  temperature  of  that  planet 

If  the  earth  were  situated  at  the  distance  of  Venus,  the  heat  which 
its  equatorial  regions  would  receive  from  the  sun  would  amount  to 
311°,  corresponding  to  a  temperature  of  230°  at  the  equator,  and  of 
52°  at  the  poles.  As  Venus  is  admitted  to  have  a  dense  atmosphere, 
it  is  probable  that  its  actual  temperature  is  not  below  the  preceding 
estimate.  The  mean  temperature  of  Mercury's  equator,  computed  in 
the  same  manner,  is  1006°,  and  that  of  its  poles  386°. 

If  the  moon  had  an  atmosphere  of  the  same  density  as  the  earth,  its 
mean  temperature  would  be  the  same  as  that  of  the  earth,  since  it  has 
the  same  mean  distance  from  the  sun  ;  but  since  it  has  no  appreciable 
atmosphere,  its  mean  temperature  must  be  lowered.  I  think  we  shall 
not  be  far  from  the  truth  in  assuming  the  mean  temperature  of  the 
moon's  equator  at  40° ;  but  this  temperature  must  be  subject  to  far 
greater  Yariation3  than  that  of  the  earth,  because  there  is  no  atmos- 
phere with  its  clouds  to  protect  the  moon's  surface  from  the  full  effect 
of  the  sun's  rays  during  their  long  day,  which  is  twenty-eight  times 
the  length  of  our  day ;  and  radiation  is  entirely  unimpeded  during 
their  night,  which  is  also  twenty-eight  times  the  length  of  our  night. 

Let  us  now  inquire  how  far  the  temperatures  assigned  for  the  dif- 
ferent planets  are  compatible  with  the  existence  of  animal  or  vegetable 
life.  We  have  found  that  the  temperature  of  every  part  of  the  sur- 
face of  Jupiter,  as  well  as  that  of  the  more  remote  planets,  is  not  far 
from  80°  below  zero.  We  may  then  conclude  that  no  form  of  animal 
or  vegetable  life  with  which  we  are  acquainted  can  exist  upon  either 
of  these  planets. 

We  have  found  upon  Mars  a  mean  temperature  of  1 1°  below  zero 
at  the  equator,  and  of  51°  below  zero  at  the  poles.  On  the  summits 
of  mountains,  and  in  the  polar  regions  of  the  earth,  the  snow  some- 
times assumes  a  red  tinge,  produced  by  particles  of  coloring  matter 
7* 
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less  than  the  thousandth  of  an  inch  in  diameter.  These  particles  have 
been  discovered  to  be  of  a  vegetable  character.  A  species  of  vegeta- 
tion  may  therefore  exist  even  at  the  temperature  of  a  polar  winter. 
But  this  vegetation  is  wholly  microscopic,  and,  so  far  as  we  are  ac- 
quainted, the  temperature  of  Mars  is  incompatible  with  any  form  of 
animal  or  vegetable  life  exceeding  the  humblest  dimensions. 

The  mean  temperature  of  the  equator  of  Venus  is  above  that  of 
boiling  water,  while  at  its  poles  we  find  a  mean  temperature  of  52^. 
The  polar  regions  of  Venus  have,  therefore,  a  temperature  adapted 
to  the  development  of  animal  and  vegetable  life  in  their  highest  per- 
fection, while  at  the  equator  no  form  of  life  with  which  we  are  ac- 
quainted could  exist. 

The  temperature  of  the  surface  of  Mercury,  even  at  its  poles,  is 
too  elevated  for  the  support  of  any  form  of  animal  or  vegetable  life. 

The  existence  of  life  upon  the  moon  is  impossible  on  account  of  the 
absence  of  an  atmosphere.  I  am  aware  that  Professor  Hansen  has 
expressed  the  opinion,  that  the  centre  of  gravity  of  the  moon  does  not 
coincide  with  its  centre  of  figure,  but  is  about  thirty-six  miles  more 
distant  from  us ;  and  hence,  that  between  that  hemisphere  of  the 
moon  which  is  turned  towards  the  earth,  and  that  which  is  turned 
away  from  us,  there  must  exist  a  considerable  difference  with  respect 
to  level,  climate,  &c.  If  we  suppose  the  figure  of  the  moon  to  be  a 
sphere,  (and  observation  has  never  indicated  any  inequality  in  its 
diameters,)  then,  according  to  Professor  Hansen,  the  centre  of  the 
visible  disc  of  the  moon  lies  about  thirty-six  miles  above  the  mean 
level  of  the  moon,  and  the  centre  of  the  opposite  hemisphere  lies 
about  as  much  below  the  same  level.  If  the  moon  had  an'  atmosphere 
of  the  same  density  as  the  earth,  this  atmosphere  would  be  wholly 
withdrawn  from  the  middle  of  the  hemisphere  which  is  turned  towards 
the  earth,  as  it  would  be  from  the  summit  of  a  mountain  thirty-six 
miles  in  height ;  but  on  the  opposite  hemisphere  the  atmosphere  would 
have  a  proportionally  greater  density.  Professor  Hansen  admits  that 
near  the  moon^s  limb  we  might  reasonably  expect  to  discover  some 
trace  of  an  atmosphere.  But  since  no  appreciable  refraction  has  been 
observed  in  the  case  of  any  occultation  of  a  star  by  the  moon,  we 
conclude  that  there  is  no  sensible  atmosphere  at  the  moon^s  limb,  and 
consequently  there  can  be  no  dense  atmosphere  on  the  opposite  hemi- 
sphere of  the  moon. 
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We  have  concluded  the  temperature  of  Saturn  to  be  about  80*  be- 
low zero.  Some  have  inferred  that  Saturn^s  ring  was  a  liquid  body  ; 
but  what  substance  could  retain  the  liquid  condition  at  so  low  a  tem- 
perature ?  Not  only  water,  and  the  more  common  liquids  on  the 
earth^s  surface,  solidify  at  a  much  higher  temperature,  but  so  also  do 
most  of  the  acids,  as  nitric  acid,  sulphuric  acid,  &c.  Indeed,  pure 
alcohol  is  almost  the  only  substance  with  which  we  are  generally 
familiar,  which  can  endure  so  low  a  temperature  without  solidifying. 
The  specific  gravity  of  alcohol  does  not  differ  much  from  the  specific 
gravity  of  Saturn,  as  determined  by  astronomical  observations. 

It  may  be  said  that  we  know  nothing  of  the  composition  of  the 
liquids  which  may  exist  on  the  surface  of  Saturn,  and  that  the  Creator 
may  have  furnished  that  planet  with  a  liquid  covering  suited  to  its 
condition,  but  entirely  unlike  anything  with  which  we  are  acquainted. 
If,  however,  the  solar  system  is  one  system^  and  was  evolved  from  the 
elementary  condition  under  the  operation  of  general  laws,  as  geolo* 
gists  are  pretty  well  agreed  in  maintaining,  then  each  of  the  planets  is 
probably  composed  mainly  of  the  same  elementary  substances  ;  and 
since  these  elements  can  only  combine  in  certain  definite  proportions, 
every  substance  existing  on  Saturn  also  exists,  potentially^  if  not  ac- 
tually ^  in  the  laboratoiy  of  the  terrestrial  chemist  This  conclusion  is 
confirmed  by  an  examination  of  Meteorites,  which  are  believed  to  be 
bodies  foreign  to  the  earth,  and  which  contain  no  elements  not  found 
in  terrestrial  bodies.  If  the  progress  of  scientific  discovery  should 
confirm  the  conclusion  that  alcohol  is  the  prevalent  liquid  on  the  sur- 
face of  Saturn,  then  it  may  be  proper  to  inquire.  Whether  the  stom- 
achs of  animals  may  be  so  constituted  that  alcohol  shall  be  an  inno- 
cent beverage  ? 

There  is  a  different  substance  known  to  chemists,  which  some  may 
conceive  to  constitute  the  prevalent  liquid  on  Saturn.  Common  water 
is  a  compound  formed  by  the  union  of  one  atom  of  oxygen  with  one 
atom  of  hydrogen.  There  is  another  compound  formed  by  the  union 
of  two  atoms  of  oxygen  with  one  atom  of  hydrogen,  and  this  is  called 
the  deutoxide  of  hydrogen.  This  substance  remains  fiuid  at  every 
degree  of  cold  which  has  been  applied  to  it.  It  is,  however,  heavier 
than  water,  a  circumstance  which  appears  to  decide  that  this  substance 
18  not  the  prevalent  liquid  on  Saturn. 
I  will  venture  to  suggest,  whether  all  the  peculiarities  of  Saturn's 
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ring,  IncludiDg  the  apparently  variable  number  and  breadth  of  the 
divisions,  as  well  as  the  recent  formation  of  a  new  ring,  may  not  be 
explained  by  supposing  the  ring  to  consist  of  an  immense  number  of 
solid  bodies,  of  small  dimensions,  not  cohering  together,  each  revolv- 
ing independently  about  the  primary,  and  forming  in  effect  an  im- 
mense number  of  independent  moons.  We  know  from  the  example 
of  the  nebulse,  that  distinct  points  of  light,  when  sufficiently  near  to 
each  other,  may  produce  the  impression  of  a  uniformly  illumined  sur- 
face. The  mutual  perturbations  of  these  moons  might  easily  change 
the  number  and  breadth  of  the  divisions  of  the  rings,  and  the  con- 
tracting of  the  orbits  of  some  of  the  moons  might  form  a  new  ring  of 
variable  dimensions  ;  while  its  faint  light  and  wonderful  transparency 
would  be  explained  by  supposing  the  moons  to  be  separated  from  each 
other  by  intervals  greater  than  in  the  case  of  the  old  rings. 

About  the  polar  regions  of  Mars  are  observed  circular  spots  of 
dazzling  whiteness,  which  have  suggested  the  idea  of  polar  snows 
accumulated  during  the  long  winter,  and  which  are  partially  dissolved 
during  the  protracted  summer.  We  have  concluded  that  the  mean 
temperature  of  the  equator  of  Mars  is  11°  below  zero,  and  that  of  its 
poles  50°  below  zero.  With  such  a  temperature,  terrestrial  snow 
would  never  dissolve,  and  we  must  call  upon  the  chemists  to  inform 
us  what  can  be  the  composition  of  Martial  snow  which  melts  at  a 
temperature  of  30°  or  40°  below  zero.  Solid  carbonic  acid  presents 
very  much  the  appearance  of  terrestrial  snow,  but  hitherto  it  has  not 
been  solidified  without  enormous  pressure  combined  with  intense  cold. 
It  would  doubtless  be  gratifying  to  the  chemists,  and  perhaps  also  to 
the  geologists,  to  find  solid  carbonic  acid  heaped  up  in  piles  of  snowy 
whiteness  on  a  neighboring  planet ;  but  we  shall  hesitate  to  admit  such 
a  conclusion,  when  we  find  that  the  force  of  gravity  on  Mars  is  only 
one  half  what  it  is  on  the  earth. 

Cyanogen,  a  compound  of  two  atoms  of  carbon  with  one  atom  of 
nitrogen,  becomes  solid  at  a  tempeiature  of  thirty  degrees  below  zero 
of  Fahrenheit. 

These  remarks  may  suffice  to  show  that  the  chemists  may  be  called 
upon  to  decide  respecting  questions  having  important  applications  to 
Astronomy. 
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2.  New  Tables  foe  detbrmining  the  Values  of  those  Co- 
efficients IN  the  Peeturbative  Function  of  Planetary  Mo- 
tion   DEFENDING    UPON    THE    BaTIOS    OF    THE     MeAN  DISTANCES. 

By  J.  D.  RuNKLE,  Assistant  at  American  Nautical  Almanac  Office. 
(By  Permission  of  Superintendent  of  the  Nautical  Almanac.) 

The  first  important  step  in  the  reduction  of  the  planetary  perturba- 
tions to  numbers,  is  the  determination  of  those  coefficients  depending 
upon  the  ratios  of  the  mean  distances. 

This  work  has  been  done  by  different  astronomers,  but  last  and 
most  completely  by  Leverrier,  whose  results  were  published  in  1841. 
They  do  not  include  Neptune ;  and  besides,  Professor  Peirce  has 
made  changes  in  some  of  the  mean  distances,  making  a  redetermina- 
tion for  the  whole  system  desirable.  At  Professor  Peirce's  suggestion, 
and  with  the  approval  of  Commander  Davis,  the  Superintendent  of 
the  American  Ephemeris  and  Nautical  Almanac,  with  whose  sanction 
these  remarks  are  submitted,  I  have  undertaken  this  work  as  part  of 
the  systematic  labor  of  a  thorough  revision  of  most  of  the  planetary 
theories,  now  being  carried  on  in  the  office  of  the  Nautical  Almanac, 
as  fast  as  can  be  done  consistently  with  the  demands  which  the  regu- 
lar issues  of  that  work  make  upon  the  annual  appropriations  made  by 
Congress  for  its  support. 

If  I  had  merely  obtained  the  desired  results,  however  great  the 
labor,  it  could  hardly  have  claimed  the  attention  of  the  Association. 
But  during  some  preliminary  inquiries,  I  was  led  to  a  generalization, 
which  I  hope  astronomers  may  receive  with  indulgence,  if  not  with 
favor.  Each  one  of  these  coefficients  depends  upon  a  series,  arranged 
according  to  ascending  powers  of  the  ratios  of  the  mean  distances, 
taken  less  than  unity,  and  usually  denoted  by  a.  Leverrier  trans- 
formed the  series  given  in  the  theories  of  Laplace  and  Legend  re  into 
others  converging  more  rapidly,  and  the  coefficients  of  the  diffisrent 
powers  of  a  in  these  new  series  have  received  the  name  of  the 
Leverrier  coefficients. 

At  the  request  of  the  Superintendent  of  the  American  Nautical  Al- 
manac, the  values  of  these  coefficients  were  computed  by  the  late  S. 
C.  Walker,  assisted  by  Mr.  Pourtal^s,  and  are  published  in  an  Appen- 
dix to  that  work  for  1857.     This  carefully  prepared  paper  has  been 
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of  great  aid  to  me,  and  especially  the  manuscript  sheets  containing 
the  numerical  values  of  the  coefficients,  which  were  better  adapted  to 
the  changes  which  the  form  of  my  tables  demanded.  If,  as  usual,  we 
denote  the  coefficients  depending  upon  a  by  h[y  i).^^,  Iflfi^,  &c.,  we 
see,  since  the  addition  of  Neptune  and  twenty-nine  asteroids  to  the 
catalogue  of  known  planets,  that  there  are  twenty-eight  different  values 
of  a,  for  each  of  which  the  values  of  these  coefficients  must  be  deter« 
mined. 

The  first  question  which  suggested  itself  was,  How  do  these  co- 
efficients vary  with  a  ? 

Now,  it  is  plain  that  if  this  variation  is  slow,  terminating  in  low 
orders  of  differences,  we  may  not  only  make  this  circumstance  a 
check  upon  the  accuracy  of  the  work,  as  far  as  the  different  values  of 
any  one  function  is  concerned,  but  we  may  also  tabulate  the  function 
with  reference  to  a  as  an  argument,  and  afterwards  enter  these  tables 
with  the  special  values  of  a  for  the  system,  and  take  out  the  corre- 
sponding values  of  the  coefficients. 

It  was  soon  found,  however,  that  these  variations,  instead  of  being 
slow,  were  in  most  cases  so  rapid  as  to  make  them  entirely  useless, 
with  any  ordinary  amount  of  labor,  for  the  purposes  indicated. 

If,  however,  we  denote  any  one  of  these  coefficients  by /(a),  and 
write 

/(a)  =  a  series, 
may  we  not  find  • 

f(^a)  B=y*  (a)  (a  transformed  series), 
in  which/'  (a)  is  an  exact  function  of  a,  involving  nearly  the  whole 
variation  of/ (a),  while  the  transformed  series  shall  vary  so  slowly 
with  reference  to  a,  as  to  be  perfectly  adapted  to  the  ends  already 
specified  ?  This  is  the  idea  which  I  have  found  eminently  adapted ; 
and,  fortunately,  only  slight  and  quite  obvious  changes  in  Leverrier^s 
series  were  needed,  thus  making  the  valuable  labor  of  Mr.  Walker 
entirely  available  with  correspondmg  modifications. 

With  the  special  value  of  a,  for  those  planets  whose  mutual  pertur- 
bations we  wish  to  estimate,  enter  the  tables  and  take  out  the  corre- 
sponding values  of  the  series,  which  multiply  by/'  (a),  and  we  have 
the  value  of /(a),  the  required  coefficient 

We  conclude,  then,  that  the  whole  question  of  computation,  trans- 
formation of  series,  rate  of  approximation,  &c.,  is  finally  settled.     For 
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any  subsequent  inyestigations  which  shall  change  the  values  of  the 
mean  distances,  it  will  only  be  necessary  to  enter  the  tables  with  the 
corrected  values  of  a,  and  take  out  anew  the  corresponding  co- 
efficients. 

This  form  of  tables  is  equally  adapted  to  any  planets  which  may 
hereafler  be  discovered.  Leverrier,  with  great  additional  labor,  gave 
these  coefficients  for  three  out  of  four  of  the  old  asteroids.  My  tables 
give  the  values  for  these  asteroids  with  a  few  hours'  labor,  and  not 
only  for  these,  but  for  all  which  are,  or  are  to  be,  discovered. 

I  am  authorized  by  the  Superintendent  of  the  Nautical  Almanac  to 
say,  that  these  tables  will  be  printed  and  distributed  among  astrono* 
mers  as  soon  as  practicable. 


3.  New  Tables  for  converting  Longitudes  and  Latitudes 
INTO  Right  Ascensions  and  Declinations.  By  J.  D.  Runkle, 
Assistant  at  American  Nautical  Almanac  Office.  (By  Permission 
of  Superintendent  of  the  Nautical  Almanac.) 

A  single  case  of  this  problem,  although  not  one  of  the  most  at« 
tractive  in  Astronomy,  presents  no  great  labor ;  but  when  it  must  be 
repeated  hundreds  and  thousands  of  times,  as  is  the  case  especially 
in  the  preparation  of  the  Lunar  Ephemeris,  it  becomes  excessively 
tedious,  so  much  so  as  strongly  to  suggest  the  desirableness  of  finding 
some  means  of  curtailing  the  labor  of  some  of  its  unattractive  pro- 
portions. For  this  reason,  I  have  made  this  problem  the  subject  of 
more  or  less  study  as  oflen  as  I  have  been  obliged  to  come  in  contact 
with  it. 

I  am  not  aware  of  any  previous  tables  for  this  purpose,  except 
those  published  by  Professor  Encke,  in  the  Jahrbuch^  which,  from 
their  form  and  want  of  approximation,  are  entirely  unfitted  either  for 
rapid  work  or  delicate  results. 

At  last  I  have  hit  upon  a  single  table,  which,  from  its  form,  takes 
into  account  all  the  possible  variations  of  all  the  elements  involved  in 
the  problem,  with  the  greatest  simplicity  and  accuracy ;  and  I  feel 
confident  that  it  will  reduce  its  solution  to  the  smallest  amount  of 
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labor  of  which  it  is  susceptible.  I  am  authorized  by  Commander 
Davis  to  communicate  an  explanation  of  this  table  to  the  Asso« 
elation. 

If,  at  equidistant  intervals  (say  20')  on  both  sides  of  the  ecliptic, 
we  draw  circles  of  latitude,  and  compute  the  right  ascensions  and 
declinations  of  equidistant  points  on  these  circles,  including  the  eclip- 
tic, or,  in  other  words,  their  equatorial  co-ordinates,  and  under  the 
corresponding  constant  latitudes  arrange  these  co-ordinates  to  the 
longitude  as  an  argument,  it  is  evident  that  we  may  make  the  varia- 
tions of  these  co-ordinates  relatively  to  the  argument  as  small  as  we 
please,  by  taking  its  intervals  sufficiently  small.  Again,  it  is  equally 
evident  that,  with  a  constant  longitude,  we  may  make  the  variations  of 
these  co-ordinates  relatively  to  the  latitude  as  small  as  we  please  by 
taking  sufficiently  small  latitude  intervals. 

Now,  it  is  found  that  latitude  intervals  of  20^  take  the  differences 
of  the  variations  of  these  co-ordinates,  or,  in  other  words,  their  second 
differences,  entirely  out  of  the  account ;  while  intervals  of  15'  in  the 
longitude  argument  do  the  same  thing  so  nearly,  that  in  the  same  part 
of  the  table,  where,  for  extreme  accuracy,  they  may  not  be  neglected, 
they  are  so  small  as  to  be  accounted  for  with  trifling  labor. 

The  following  are  the  order  and  names  of  the  headings  of  the  differ- 
ent columns  of  the  table  for  a  constant  latitude  :  — 

1.  Longitude  argument. 

2.  Bight  ascension. 

3.  Log.  variation  of  A.  R.  for  V  of  longitude. 

4.  Log.  variation  of  A.  R.  for  1'  of  latitude. 

5.  Log.  coefficient  of  the  difference  between  the  obliquity  for  which 
the  table  is  constructed,  and  that  of  the  given  date,  which  we  will 
call  Ao>. 

There  are  corresponding  columns  for  the  declination.  All  these 
log.  variations  are  given  for  the  same  points  as  the  co-ordinates. 

Now,  it  is  evident  that,  if  we  enter  these  tables  with  a  given  longi- 
tude and  latitude,  to  find  the  corresponding  A.  B..  and  Decl.  we  must 
reduce  the  log.  variations  for  1'  of  longitude  to  the  circle  of  the  given 
latitude,  and  the  log.  variations  for  1'  of  latitude  to  the  given  longi- 
tude. But  these  changes  are  simple  proportional  parts  of  the  differ- 
ences of  the  log.  variations,  and  only  need,  on  the  margin  of  each 
page,  proportional  parts  of  the  differences  which  it  contains. 
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It  is  obvious  that  these  proportional  parts  are  equally  useful  in  taking 
account  of  second  difierences  whenever  it  is  necessary. 

After  taking  out  the  log.  variations  corresponding  to  the  given 
longitude  and  latitude,  it  will  only  be  necessary  to  multiply  them  by 
the  excess  of  these  data  above  their  nearest  argument  values  to  find 
the  corrections  for  the  tabular  A.  B.  and  Decl. 

The  correction  for  change  in  the  obliquity  needs  no  further  ex- 
planation. 


4.  Contributions   to  the   Atmosfherology   op   the   Sun.     By 
Dr.  C.  H.  F.  Peters,  of  Cambridge. 

Our  knowledge  of  the  physical  constitution  of  the  surface  of  the 
sun  has  made  very  little  or  no  progress  since  the  time  of  the  elder 
Heischel.     This  would  prove,  either  that  HerschePs  observations  are 
so  complete  that  nothing  more  remains  to  be  investigated,  or  that 
the  centred  body  of  our  system  has  been  neglected,  while  nebulee 
and  double  stars,  moon  and  planets,  have  been  the  object  of  very 
elaborate  researches.     Each  alternative  seems  to  be  the  case.     By 
employing  similar  means,  and  with  the  same  method,  that  is  to  say 
by  simple  contemplation^  it  will  scarcely  be  possible  to  discover  any- 
thing not  already  reported  by  that  eminent  observer.     Only  a  more 
favorable  sky,  as  I  shall  show  by  example  hereafter,  may  disclose 
some  new  and  important  phenomena.     Unfortunately,  all  the  more 
powerful  telescopes  are  mounted  in  climates  not  well  adapted  for  solar 
observations.     But  there  remains  another  way  of  investigating  the 
processes  producing  those  singular  changes  in  the  sun^s  atmosphere, 
which  exhibit  themselves  as  spots,  faculsB,  and  otherwise,  a  way  which 
has  been  set  aside  too  much  in  this  subject ;  I  mean  by  numerical 
calculation.    Certainly  it  is  not  enough  to  tell  the  number  of  spots  for 
every  day,  nor  to  determine  occasionally  from  a  larger  one  the  ele- 
ments of  rotation ;  it  seems  necessary  to  follow  the  spots  or  faculs 
in  their  relation  to  the  sun's  body  and  to  each  other,  by  computing 
their  heliographic  positions  from  exact  measurements,  made,  if  possi- 
ble, from  day  to  day.     This  way  is,  indeed,  a  little  troublesome,  but 
nevertheless  promises  very  interesting  results. 
8 
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I  have  the  honor  to  lay  before  the  Association  some 
drawn  from  a  series  of  observations  which  I  began  at  Na 
year  1845,  especially  with  the  view  to  ascertain  whether  o 
surface  certain  fixed  localities  do  exist,  where  the  spots 
nating. 

I  may  state  beforehand,  that  all  the  measurements  are  ti 
the  equatorial  of  the  Observatory  at  Capodimonte,  the  tele; 


which,  of  four  feet  focal  length  and  three  inches  and  a  half  i      ^, 
is  a  most  excellent  one,  from  the  hands  of  Reichenbach.    For  %      ~    ~~ 
ing  the  physical  phenomena  the  ten-foot  Fraunhofer  was  recui 
provided  with  a  contrivance  suggested  by  Melloni,  cutting  oflftt 
of  heat,  but  not  disturbing  those  of  light.     Of  every  spot  pres 
something  definite,  the  difference  from  the  sun's  centre  was      ^ 
mined  in  right  ascension  by  repeated  transits,  and  in  declinati 
the  three-foot  circle,  at  intervals,  when  possible,  of  one  or  two     • 
Moreover,  the  principal  systems  of  spots  were  sketched,  a  precf     ,r  -  * 
necessary  in  order  to  avoid  mistakes  in  identifying  the  spots  ob* 
on  subsequent  days.     From  the  so  determined  differences  in  i 
and  Decl.  the  heliocentric  situation  relative  to  the  sun's  equatoi     ^  . 
been  computed,  by  assuming  for  the  beginning  of  the  year  1846 
longitude  of  the  equator's  ascending  node  upon  the  ecliptic  to  be 

13',  its  inclination  7®  9',  Mr.  Laugier's  values,  which  I  have  fo"^ 

pretty  near  the  truth.     Thus  are  obtained  the  heliographic  latitude 
an  angle,  which  I  shall  call  the  argument  of  latitude  ;  it  is  the  loi 
tude  reckoned  from  that  point  of  the  equator  which,  at  that  mom*" 
is  in  the  ecliptic  or  in  the  node.     But  in  comparing  together  differ 
spots  observed  at  different  times,  it  is  convenient  to  establish  a  £ 
meridian,  and  (since  there  is  no  fixed  point  always  visible  upon  tv^^ 
sun)  I  have  considered  that  meridian  as  the  first,  which  at  the  begi 
ning  of  1846  (Naples  mean  noon)  passed  through  the  ascendii 
node.     Then,  in  order  to  find  the  meridian  actually  passing,  a  know 
edge  of  the  daily  motion,  or  of  the  time  of  rotation,  is  required.    Th 
value  employed  (14**  2'.04  for  the  daily  motion,  or  25*.662  for  tb 
time  of  rotation)  has  been  deduced  as  a  mean  from  the  observation* 
of  all  the  spots.    For  the  following  investigation,  the  first  three  months 
have  been  excluded  as  being  less  accurately  observed,  and  moreover^  * 
disjoined  by  an  interruption  of  several  months.    Likewise  the  observa- 
tions following  October,  1846,  were  too  isolated  to  be  made  use  of. 


;e«ved  in  1 


ASTRONOMY.  87 

Thus  an  uninterrupted  series  of  thirteen  months  remained,  from  Sep- 
tember, 1845,  to  October,  1846,  subministering  813  places  of  286 
spots.  These  have  been  projected  in  the  accompanying  map,  as  far 
as  their  mean  places. 

The  first  fact,  now,  which  offers  itself,  in  comparing  the  heliographic 
places  of  one  and  the  same  spot  for  diiierent  days,  is,  that  the  spots  are 
not  invariably  attached  to  the  sun's  surface,  but  have  proper  motions. 
Before  stating  this,  due  regard  should  be  had  to  the  probable  errors 
that  the  determination  of  the  compared  places  may  be  liable  to.  This 
probable  error,  in  my  observations,  of  a  difference  between  a  spot  and 
the  sun's  centre,  resulted  to  be  in  A.  R.  3"  in  arc,  in  Decl.  nearly  5", 
consequently  in  all  6".  This  would  produce  in  the  heliocentric  place 
an  error  of  215  times  6''  multiplied  by  the  secant  of  the  angle  at  the 
sun's  centre  between  earth  and  spot,  215  being  the  ratio  of  the  mean 
distance  of  the  earth  to  the  sun's  semidiameter.  Near  the  centre  of 
the  sun's  disc,  then,  the  probable  error  would  be  about  20' ;  for  the 
angle  at  the  sun's  centre  equal  to  45"*  it  would  be  30',  and  it  would 
increase  rapidly  as  the  spot  approaches  the  limb.  I  sought  to  avoid 
this  increase  by  repeating  the  observations  the  more,  the  nearer  the 
spot  was  to  the  limb.  And  therefore,  on  the  whole,  the  probable  (or 
more  justly  speaking  the  mean)  error  of  the  heliocentric  place  as  aris- 
ing from  this  source  may  be  taken  equal  to  20'.  But  a  second  source 
we  find  in  the  variability  of  the  shape  of  the  spot  itself  from  one  day 
to  the  other.  There  is  a  continual  change  going  on  in  the  spots  ;  less 
perhaps  in  the  isolated  ones,  more  in  those  which  are  in  the  neigh- 
borhood of  others,  and  seem  to  form  part  of  a  system.  However, 
those  cases  where  the  change  of  form  was  too  manifest  may  be 
omitted ;  and  we  may  assume,  then,  on  the  average,  that  two  places 
of  a  spot  as  determined  on  different  days  ought  to  agree  within  half  a 
degree.  But  now  we  meet  differences  of  several  degrees.  Does  this 
not  indicate  clearly  a  movement  of  the  spot,  especially  if,  as  often, 
in  a  series  of  determined  places  these  differences  appear  to  be  affected 
with  the  same  sign  > 

^Vherever  in  nature  a  motion  is  observed,  inducement  is  given  to 
research  of  laws  and  of  forces  causing  it.  Though,  at  the  first  glance, 
a  decrease  in  latitude  seemed  predominant,  still  sometimes  this  ap- 
peared so  mixed  up  with  a  movement  in  different  sense,  that  it  is  only 
after  having  carefully  examined  and  combined  the  circumstances 
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under  which  every  spot  was  situated,  and  after  having  paid  special 
attention  to  the  arising  of  the  individual  spots,  that  I  dare  to  pronounce 
the  two  following  theses :  — 

1.  All  the  spots  have  a  tendency  to  move  towards  the  equator, 

2.  Whenever  a  spot  is  breaking  out  in  the  neighborhood  of  another , 
the  latter  is  removing  itself  towards  the  opposite  side. 

The  first  or  general  kind  of  motion,  concealed,  if  the  interval  of  time 

TABLE  A. 

Hdiographic  Latitudes  of  Spots  which  perjbrmed  an  entire  Revolution. 

(Mean  of  the  determinatioDS  in  each  appearance.) 


r 

No.  of 
Obs. 

Mean  Epoch  of 
ObflerratioD. 

Heliofrraphic 
Lalilude. 

r 

No.  of 
Obs. 

Mean  Epoch  of 
Obeervallon. 

Heliographlc 
Latitude. 

6 

5 

d. 
—106.818 

-2°7  il 

80 

2 

d. 
H-  93.479 

+Sl  4'6 

286 

4 

83.568 

25  54 

81 

6 

118.718 

28  31 

77 

4 

142.733 

24  32 

94 

6 

—  99.442 

+19  54 

86 

6 

76.984 

17  12 

279 

3 

-4-111.394 

+18  52 

272 

5 

136.972 

18  37 

180 

3 

—  65.313 

—17  30 

177 

2 

41J^66 

17     9 

244 

3 

+109.764 

-24    6 

232 

5 

134401 

22  11 

151 

1 

—  34.066 

4-14  30 

210 

3 

159.661 

21  41 

147 

5 

14.780 

14  24 

261 

3 

+109.764 

+21  12 

15 

7 

—  24.777 

+18  32 

260 

2 

133.463 

20  42 

10 

7 

-h     2.423 

18  29 

8 

4 

24.960 

18    4 

208 

3 

+134.649 

+17  41 

202 

3 

159.661 

17  42 

35 

5 

+     7.820 

+21  48 

31 

2 

27.552 

19  16 

79 

1 

+176X)28 

—17  41 

53 

6 

198.841 

16    4 

26 

3 

-h    8.007 

+18    0 

48 

4 

224.531 

14  27 

19 

4 

27.742 

17  38 

226 

5 

+244.259 

+28  34 

229 

6 

+  23.018 

—18  11 

212 

1 

266.024 

26  44 

228 

2 

60.071 

17  35 

233 

4 

78.775 

16  50 

135 

2 

+211.034 

—21  50 

118 

5 

233.428 

21     7 

22 

5 

+  29.186 

+21  11 

120 

3 

256.356 

21     7 

18 

4 

67.725 

21     8 

102 

4 

+232.256 

+36  36 

137 

3 

+  43.865 

+17  39 

110 

2 

255.052 

35  25 

129 

2 

67.540 

15  56 

119 

3 

95.634 

14  16 

273 

4 

+248.560 

+11  32 

i 

264 

2 

274.921 

9    3 

249 

2 

'     -I-  56.579 

—15  40 

247 

1 

;          74.033 

14  40 

67 

4 

+255.288 

+13  66 

41 

1 

278.957 

10  27 

61 

1 

+  91.934 

-4-24  32 

66 

4 

118.799 

23  58 

68 

8 

+254.062 

+13    0 

43 

1 

278.957 

10  35 
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is  shoTt,  by  the  disturbed  motion,  becomes  quite  obvious  in  longer  in- 
tervals, as,  for  example,  in  an  entire  revolution.  The  annexed  Table 
A  contains  the  latitudes  of  those  spots  which  reappeared  on  the 
eastern  limb  of  the  sun's  disc  after  they  had  disappeared  on  the  west- 
ern. All  the  spots,  the  identity  of  which  could  be  made  out,  have 
been  inserted ;  none  excluded.  The  numbers  (which  are  the  means 
of  the  single  determinations  during  one  appearance,  corresponding  to 
the  mean  epochs)  show  without  exception  a  decrease  in  latitude,  the 
unique  instance  of  the  increase  of  one  minute  being  entirely  over- 
thrown by  the  amount  of  the  probable  error. 

A  general  proper  motion  of  the  spots  towards  the  equator  being  rec- 
ognized, the  question  is  raised  naturally :  Have  they  any  motion  also 
in  longitude  ?  and  in  what  sense  ?  to  the  east  or  to  the  west  ?  The 
solution  of  this  question  is  intimately  connected  with  the  determination 
of  the  time  of  rotation.  For  it  is  clear,  if  all  the  spots  had  an  equal 
proper  motion  in  longitude,  the  time  of  the  sun's  rotation,  since  it  is 
deduced  from  the  spots,  would  be  wrong.  If  the  spots  move  by  a 
certain  amount  to  the  west,  the  sun's  rotation  will  be  found  too  great 
exactly  by  that  amount ;  if  to  the  east,  it  will  be  too  small.  In 
other  words,  it  is  the  time  of  rotation  of  the  spots  which  results,  and 
not  that  of  the  sun  itself.  By  employing  then  the  same  value  in  the 
comparison  of  observations  made  at  two  different  epochs,  the  spot  will 
appear  to  have  been  at  rest,  while  it  really  has  changed  its  place.  If 
the  general  motion  in  longitude  differs  as  to  its  amount  for  several 
spots,  then  a  time  of  rotation  will  be  derived  from  them,  which  in- 
cludes the  average  general  motion.  Thus  the  value  25*^.652,  which  I 
have  given  before,  and  which  is  made  use  of  for  the  longitudes  in  the 
map,  is  affected  by  the  average  general  motion  of  all  the  spots  ob- 
served more  than  once.  By  means  of  this  average  value  of  the  time 
of  rotation,  now,  the  successive  places  leave  differences  so  significant 
that  there  can  be  no  doubt  of  a  very  considerable  motion  parallel  to 
the  equator.  The  displacements  in  longitude  seem  even  far  more 
considerable  than  those  in  latitude.  The  annexed  Table  B  gives 
some  examples.  Whether  there  be  a  common  motion,  and  in  what 
sense,  cannot  be  decided  in  the  present  state  of  our  knowledge  of  the 
sun^s  rotation.  According  to  the  mode  in  which  this  latter  is  estab- 
lished, the  sum  of  the  positive  differences  always  will  equal  the  sum  of 
the  negative,  whatever  be  the  amount  of  motion  in  common,  as  the 
8* 
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TABLE  B. 
Table  exhibiiing  the  proper  Motion  ofaome  SpoU  in  Hdiographk  Longitude. 


Epoch.    LongitudA. 

Epoch.    Longiuida. 

Epoch.    Lon^tuds. 

No.  6  (—270). 
—110.042     6  50 

No.  72  (+140). 

No.  144  (+200). 

+113!027     6^8  21 

—99.828    163  42 

109.043     6  12 

115.033    66  2 

98.963    163  52 

108.073     5  56 

118.201     64  48 

97.842    162  11 

103.987     6  57 

119.938    64  57 

96.103    160  28 

102.944     8  8 

122.025     64  54 

93.169    160  31 
91.120    159  32 

No.  9  (+210). 

No.  81  (+290). 

+55.023     7  58 

+113.027    73  28 

No.  158  (+280). 

58.134     8  57 

115.033    73  27 

+258.965    194  27 

60.018     9  6 

118.201     75  10 

263.014    195  10 

62.966     9  28 

119.938    75  53 

266.024    195  25 

122.025    76  27 

270.885    196  13 

No.  17  (-260). 

124.081     77  56 

— 110.042     11  9 

No.  204  (— 280). 

109.043     12  55 

No.  90  (+110). 

—38.075    251  44 

108.073     12  49 

—24.100    91  21 

35.113    251  42 

1     103.987     14  29 

22.044     92  10 

34.066    252  52 

102.944    15  9 

20.996    92  47 

32.884    252  53 

19.991     89  43 

31.090    253  35 

No.  32  (+190). 

17.990    88  4 

29.086    254  58 

+58.134    25  27 
60018    24  9 

No.  105  (+120). 

No.  219  (+190). 

62.966    22  45 

—77.037    116  28 

+238.113    269  54 

74.940    114  48 

241.026    266  14 

No.  44  (+240). 

73.861    113  19 

244.411    264  29 

+167.023    38  2 
170.028    39  44 

No.  113  (+380). 

No.  242  (—160). 

172.019    41  17 

+226.148    115  58 

+101U)21    292  59 

174  031     42  52 

228.036    117  58 

103.026    291  34 

AfVaVvA        ^m     w* 

231.032    120  46 

106.124    291  10 

^T    mt^e         m  It  />\ 

233.916    122  26 

110.142    289  11 

No.  53  (—16°). 

236.041    125  19 

113.027    289  39 

+194.152    55  5 

238.113    127  22 

196.956     52  25 

No.  275  (+250). 

199.028    50  9 

No.  124  (+170). 

+24.960    328  26 

201.043     50  42 

+91.934    130  39 

27.020    329  9 

203.023    49  56 

95.025    129  57 

28.084    329  29 

99.942    127  18 

30.902    830  43 

No.  67  (+290). 

+6.983    58  41 

No.  130  (—19°). 

No.  286  (—220). 

8.015    60  8 

+119.938    136  39 

—86.029    360  16 

9.022    61  13 

122.025    135  45 

84.081    358  30 

9.989    62  7 

124.081    135  9 

83.074    357  39 

11.013    63  25 

126.087    134  24 

81.089    357  16 
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greater  movements  will  show  an  excess,  the  slower  ones  a  defect,  ac- 
cording to  phoronomical  principles.  Nevertheless,  there  are  some 
reasons  which  make  me  incline  to  the  opinion,  that  the  general  direc- 
tion of  the  movement  is  towards  the  west.  Farther  on,  I  shall  return 
to  this  question ;  hut  in  this  place,  the  following  observation  may 
be  made,  namely,  that  a  new  spot  bursts  out  almost  always  to  the 
east  of  an  older  one,  very  seldom  to  the  west.  Since  it  is  of  some 
interest,  the  linear  velocity  has  been  computed  for  some  of  the  spots 
which  seemed  imbued  with  a  somewhat  considerable  motion  (as  on 
the  annexed  Table  C).  Here  are  velocities  up  to  between  300  and 
400  miles  the  hour,  which  is  not  so  extraordinary,  considering  that  the 
sun's  diameter  is  112  times  that  of  the  earth,  and  that  the  strongest 
hurricanes  on  the  earth  are  supposed  to  possess  a  velocity  of  120 
miles  an  hour.  For  the  sake  of  comparison,  it  may  be  mentioned 
that  the  velocity  of  rotation  of  a  point  at  the  sun^s  equator  is  between 
four  and  five  times  as  great  as  of  a  point  at  the  earth's  equator ;  or  as 
the  latter  is  nearly  900  miles,  the  former  is  about  4,000  miles,  the  hour. 


TABLE  C. 

Some  of  the  greater  Absolute  VdodUta  per  hour  ofSoUtr  Spots  observed  in  Geographical 

Mies. 


SpoL 

Velocity. 

Spot. 

Velocity. 

No.  12 

20 

No.  273 

109 

232 

29 

144 

129 

215 

43 

230 

129 

202 

67 

17 

132 

22 

62 

82 

153 

118 

63 

286 

168 

132 

73 

95 

169 

53 

75 

113 

207 

242 

84 

35 

222 

19 

92 

88 

238 

204 

98 

90 

261 

SI 

102 

67 

277 

66 

106 

219 

366 

The  second  fact  which  I  wish  to  draw  attention  to,  results  by  com- 
bming  together  the  heliographic  positions  of  different  spots,  and  may 
be  pronounced,  for  the  present,  in  the  following  thesis  :  — 

In  certain  localities  of  the  solar  surface^  the  spots  arise  more  fre* 
quently  than  in  others. 

A  glance  upon  the  map  shows  immediately  that  the  spots  are  ar- 
ranged in  two  girdles  or  belts,  one  to  each  side  of  the  equator. 
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This  observation  is  not  entirely  new.  Already  Galileo  had  stated, 
that  all  the  spots  are  found  within  an  equatorial  zone,  the  limits  of 
which  he  fixed  at  29^.  The  Jesuit  Scheiner  extended  these  limits 
to  30** ;  Messier,  to  SI'' ;  Lalande,  Dislambre,  and  M^chain,  to  40** ; 
Laugier,  to  41°,  north  and  south.  The  remark,  that  the  neighborhood 
of  the  equator  itself  is  barren  of  spots,  is  of  a  more  recent  date.  I 
see  that  Sir  John  Herschel,  in  his  *^  Cape  Observations,''  has  come 
to  a  similar  conclusion.  Still,  this  region,  too,  is  not  entirely  destitute 
of  the  capability  of  producing  spots.  In  March,  1845,  I  saw  some 
so  near  to  the  equator  as  3°.  But  these  are  rather  rare.  In  regard 
to  the  outer  limits  of  the  zone,  perhaps  the  same  may  be  said.  By 
Lahire,  a  spot  is  related  in  70°  latitude.  I  observed  one  during  sev- 
eral days  in  50°  24',  and  a  remarkable  facula  as  high  up  as  67°.  Of 
the  northern  spots,  inserted  in  the  map,  the  greatest  number  is  near 
to  the  parallel  of  21° ;  of  the  southern,  the  greatest  number  is  near  to 
17°.  Here  it  is  proper  to  make  a  distinction  between  individual 
spots,  and  systems  or  groups  of  spots.  The  spots  forming  a  system 
show  clearly  an  identical  perturbation  generating  them  in  the  same 
moment.  The  relative  frequency  in  different  parallels  of  latitude  of 
the  individual  spots,  as  well  as  of  the  systems  of  spots,  is  represented 
by  the  curves  in  the  annexed  drawing.     (Plate  I.) 

The  establishing  of  both  the  co-ordinates  of  some  fixed  points  as 
particularly  productive  of  spots,  is  certainly  of  the  greatest  impor- 
tance. The  observations  of  thirteen  months  have  shown  themselves 
insufficient  to  be  decisive  as  to  the  positions  in  longitude,  though  they 
give  some  intimations.  The  great  obstacle  is  the  uncertainty  about 
the  time  of  rotation,  as  including  the  proper  motion  in  longitude. 
Observations  continued  during  four  or  five  years,  and  duly  computed, 
probably  would  carry  us  a  considerable  step  farther  in  this  re- 
search, and  consequently  nearer  to  the  true  philosophy  of  the  sun's 
nature.  At  all  events,  it  is  reasonable  to  suppose  that  the  proper 
motion  is  only  small  in  proportion  to  the  rotary  motion,  so  that  the 
latter  may  be  assumed  to  be  right  at  least  approximately.  With  this 
assumption,  my  computations  give  several  instances  of  spots  breaking 
out  at  nearly  the  same  place  after  intervals  of  two  and  three  hun- 
dred days,  whilst  in  the  intermediate  time  that  place  was  plain  and 
smooth  like  the  rest  of  the  sun's  surface,  not  indicating  any  sign  of 
disturbance.  Avoiding,  for  obvious  reasons,  those  parallels  where  the 
appearances  are  more  condensed,  I  wish  to  point  out  as  examples : 
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280^  long,  and  +30^  lat 

200**    "      "    +12*'  " 
1150    44       a     ^350  44 

150       44  44        _28**    " 

In  order  to  justify  the  assumption,  that  our  knowledge  of  the  time 
of  rotation  cannot  be  very  much  out  of  the  way,  and  that,  of  course, 
the  proper  motion  of  the  spots  can  be  but  a  small  fraction  of  the 
rotary  motion,  I  may  mention  the  results  obtained  by  two  modem 
philosophers,  who  attempted  to  derive  the  time  of  the  sun's  rotation 
from  observations  of  terrestrial  temperatures.  The  value  deduced 
from  the  long  series  of  Innsbruck  and  Paris  temperatures  by  Professor 
Nervander,  of  Helsingfors,  is  27.26  days  for  the  synodical,  or  25.367 
for  the  tropical  revolution.  Mr.  Buys-Ballot,  in  Utrecht,  in  the  same 
manner  making  use  of  the  Belgian  and  other  thermometrical  observa- 
tions, gives  27.692  days  for  the  synodical,  which  would  be  25.742  for 
the  sidereal  revolution.*  I  made  some  trials,  to  arrive  at  a  direct  con- 
clusion of  the  rotation  by  other  ways,  which,  for  a  longer  series  of 
observations,  will  be  found  effective.  One  is  based  upon  the  simili- 
tude of  certain  figures  of  the  spots  when  they  are  first  outbursting. 
Among  these  figures  is  an  elliptic  arrangement  not  uncommon,  and 
two  pair  of  those  observed  by  me  may  well  be  considered  as  arisen  in 
the  same  locality.  A  second  way  would  be  precisely  by  the  assump- 
tion of  the  identity  of  those  places,  which  I  indicated  before.  But  their 
number  is  still  too  small,  and  the  uncertainty  deriving  from  the  extent 
of  those  localities  too  great,  for  deriving  from  them  any  exact  result. 

After  having  exposed  several  facts,  which  result  from  the  numeri- 
cal investigation  of  measurements,  I  may  now  relate  briefly  some 
telescopic  observations,  one  of  which,  favored  by  the  beautiful  sky  of 
Naples,  is  worthy  the  particular  attention  of  other  observers.  In  order 
to  make  better  understood  this  phenomenon,  I  ought  to  trace  shortly 
the  biography  of  spots,  such  as  on  the  whole  I  have  noted  it  in  the  suc- 

*  These  two  resalts  difier  to  about  the  same  amount  as  the  determinations  hj 
means  of  spots.  The  mean  value  of  Delambre*s  and  Lalande*s  researches  is 
25.0SI  days ;  Laogier  found  from  29  spots  25^  days,  the  particular  spots  vary- 
ing  from  24.28  to  26.23  days ;  Dr.  Bohm  formed  equations  of  condition  for  13 
spots,  which  gave  25.821  with  a  probable  error  of  only  0.024  days.  The  value 
which  I  hare  adopted  as  a  preliminary  one,  from  286  spots,  25.652  days,  is  inter- 
mediate betvreen  all  these  different  determinations. 
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cessive  stages  of  their  appearance.  The  spots  arise  from  msensible 
points,  so  that  the  exact  moment  of  their  origin  cannot  be  stated ;  but 
very  rapidly  they  grow  in  the  beginning,  and  almost  always  in  less 
than  a  day  they  arrive  at  their  maximum  of  size.  Then  they  are 
stationary,  I  would  say  in  the  vigorous  epoch  of  their  life,  with  a  well 
defined  penumbra,  of  regular  and  rather  simple  shape.  So  they  sus- 
tain themselves  for  ten,  twenty,  and  some  even  for  fifty  days.  Then 
the  notches  of  the  margin,  which,  seen  with  a  high  magnifying  power, 
always  appears  somewhat  serrate,  grow  deeper,  to  such  a  degree  that 
the  penumbra  in  some  parts  becomes  interrupted  by  straight  and 
narrow  luminous  tracts ;  —  already  the  period  of  decadence  is  ap- 
proaching. This  begins  with  the  following  highly  interesting  phe- 
nomenon. Two  of  the  notches  from  opposite  sides  step  forward  into 
the  area,  overroofing  even  a  part  of  the  nucleus  ;  and  suddenly  from 
their  prominent  points  flashes  go  out,  meeting  each  other  on  their 
way,  hanging  together  for  a  moment,  then  breakbg  oflf  and  re- 
ceding to  their  points  of  starting.  Soon  this  electric  play  begins 
anew,  and  continues  for  a  few  minutes,  ending  finally  with  the  con- 
nection of  the  two  notches,  thus  establishing  a  bridge,  and  dividing  the 
spot  in  two  parts.  Only  once  I  had  the  fortune  to  witness  the  occur- 
rence between  three  advanced  points.  Here,  from  the  point  A  a 
flash  proceeded  towards  JB,  which  sent  forth  a  ray  to  meet  the  former, 
when  this  had  arrived  very  near.  Soon  this  seemed  saturated,  and 
was  suddenly  repelled ;  however,  it  did  not  retire,  but  bent  with  a 
rapid  swing  towards  C  ;  then  again,  in  the  same  manner,  as  by  repul- 
sion and  attraction,  it  returned  to  JB,  and  after  having  oscillated  thus 
for  several  times,  A  adhered  at  last  permanently  to  B,  The  flashes 
proceeded  with  great  speed,  but  not  so  that  the  eye  might  not  follow 
them  distinctly.  By  an  estimation  of  time  and  the  known  dimension 
of  space  traversed,  at  least  an  under  limit  of  the  velocity  may  be 
found  ;  thus  I  compute  this  velocity  to  be  not  less  than  two  hundred 
millions  of  metres  (or  about  one  hundred  thousand  miles)  in  a  second. 
The  process  described  is  accomplished  in  the  higher  photosphere,  and 
seems  not  at  all  to  afiect  the  lower  or  dark  atmosphere.  With  it  a 
second,  or  rather  third,  period  in  the  spot's  life  has  begun,  that  of  dis- 
solution, which  lasts  sometimes  for  ten  or  twenty  days ;  during  which 
time  the  components  are  again  subdivided,  whilst  the  other  parts  of 
the  luminous  margin  too  are  pressing,  diminishing,  and  finally  over- 
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casting  the  whole,  —  thus  ending  the  ephemeral  existence  of  the  spot. 
Rather  a  good  chance  is  required  for  observing  the  remarkable  phe- 
nomenon which  introduces  the  covering  process,  since  it  is  achieved 
in  a  few  minutes,  and  it  demands,  moreover,  a  perfectly  calm  atmos- 
phere, in  order  not  to  be  confounded  with  a  kind  of  scintillation, 
which  is  perceived  very  often  in  the  spots,  especially  with  fatigued 
eyes.  The  observer  ought  to  watch  for  it,  under  otherwise  favorable 
atmospherical  circumstances,  when  a  large  and  ten  or  twenty  days'  old 
spot  begins  to  show  strong  indentations  on  its  margin. 

In  the  foregoing  exposition  I  have  avoided  carefully  all  theoretical 
speculations  and  hypotheses.  I  have  brought  before  you  the  facts 
simply  as  they  resulted  from  observations  combined  by  vigorous 
numerical  computations.  However  insignificant  these  single  results 
may  appear,  still  they  may  lead  to  some  important  consequences  rela- 
tive to  our  knowledge  of  the  nature  of  the  sun.  And  as  the  method 
generally  employed  in  natural  philosophy  consists  in  building  upon  a 
few  facts  a  hypothesis  as  to  the  cause,  which  hypothesis  then,  by  other 
facts,  ought  to  be  tried,  and  either  rejected  or  confirmed,  thus  also  to 
the  astronomer  it  may  be  permitted,  in  an  object  which,  until  now,  was 
rather  more  physical,  than  within  the  reach  of  quantitative  determi- 
naUon. 

At  present  there  is  no  more  any  doubt  about  the  view  of  Herschel 
(or  rather  Wilson)  with  regard  to  the  constitution  of  the  sun  in  gen- 
eral. Above  the  solid  and  opaque  nucleus  rises  the  atmosphere,  of  a 
nature  perhaps  similar  to  ours ;  this  again  is  surrounded  by  a  second 
atmosphere,  luminous,  and  very  thin.  The  spots  are  openings  in  both 
the  atmospheres,  leaving  visible  the  dark  solar  body  ;  the  penumbra 
is  the  limb  of  the  lower  atmosphere.  But  now,  with  regard  to  the 
origin  of  the  spots,  Herschel  seems  to  have  inclined  to  an  idea  which 
is  neither  natural  nor  corresponding  to  the  phenomena.  According 
to  him,  the  atmosphere  is  set  in  strong  motion,  by  a  cause,  which  he 
does  not  define  nearer,  b  then  thrown  against  high  mountains,  and 
thus  the  openings  in  the  luminous  matter  are  produced.  This  idea  is 
indeed  a  little  strange;  and  it  seems  to  have  been  abandoned  by 
modem  philosophers,  though  without  advancing  any  other  theory  in 
its  place.  All  the  facts  of  observation  have  impressed  me  strongly 
with  the  supposition,  that  on  the  surface  of  the  solar  body  something 
exists  similar  to  volcanoes^  breaking  out  and  emitting  gaseous  matter, 
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in  a  manner  similar  to  the  terrestrial  volcanoes.  These  gases  pass 
easily  and  speedily  through  the  lower  or  dark  atmosphere,  until  they 
arrive  at  the  photosphere.  Of  this  we  have  nothing  in  the  least  degree 
analogous  upon  our  planet ;  but  it  appeared  to  me,  under  all  circum- 
stances, to  possess  in  a  high  degree  the  propriety  of  viscosity.  This 
viscosity  at  first  opposes  the  gases,  and  faculse  are  formed.  Bat 
the  gases  succeed  in  overcoming  the  coherency,  breaking  the  photo- 
sphere from  beneath,  usually  first  in  numerous  small  points,  which 
very  soon  become  larger,  as  in  the  mean  time  the  gaseous  matter  had 
collected,  now  bursting  out  with  greater  elasticity.  These  gases 
really  have  been  seen  ;  they  have  been  observed  outside  of  the  pho- 
tosphere ;  they  are  identical  with  the  rosy  light  in  the  total  eclipses 
of  the  sun.  Especially  the  eclipse  of  July,  1851,  has  left  no  doubt, 
as  well  about  the  cloudy  nature  of  this  light  as  about  its  connection 
with  faculsB  and  spots.  Are  the  purple-colored  ridges,  which  some- 
times have  been  seen  on  the  dark  ground  of  the  spots,  perhaps  also 
nothing  else  than  the  gases  elevated  above  the  photosphere,  illumi- 
nated, and  seen  by  projection  upon  the  dark  nucleus  ?  With  a  very 
clear  sky,  the  bottom  of  the  larger  spots  appears  never  black,  but  al- 
ways brownish  or  purplish,  the  outlines  of  the  ridges  widened,  less 
distmct,  outwashed,  and  the  ridges  themselves  resemble  then  stronger 
colored  plots.  The  gaseous  exhalations  explain  completely  the  ap- 
pearances of  the  faculee,  inflated  bubbles  covered  by  the  viscous  lu- 
minous matter,  always  preceding  the  outbreak  of  a  spot,  surrounding 
it  in  its  first  stage,  but  then  disappearing.  When  the  gases  are  effect- 
ing their  escape,  the  luminous  matter  is  pressed  aside;  hence  the 
removal  of  a  neighboring  spot,  agreeably  to  observation.  The  very 
sudden  increase  af^er  the  first  opening  is  made,  the  then  following 
stationary  size,  the  reopening  of  spots  nearly  closed  by  the  covering 
process,  are  necessary  consequences  of  the  emanation  of  elastic  mat- 
ters. The  gases  start  from  the  surface  of  the  nucleus  impressed  with 
the  velocity  of  rotation  corresponding  to  that  point ;  in  ascending  to 
higher  regions,  where  the  velocity  of  rotation  is  greater,  they  remain 
behind  to  the  west ;  on  reaching  the  photosphere,  they  are  opposed 
by  the  viscous  tenacity  of  the  latter,  by  overpowering  which  they 
lose  a  part  of  their  vertical  velocity,  and  press  towards  the  west, 
communicating  this  direction  of  motion  to  the  luminous  matter  sur- 
rounding the  spot,  and  of  course  to  the  spot  itself.    The  observation  I 
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have  before  made,  namely,  that  a  new  spot  breaks  forth  in  most 
cases  on  the  east  side  of  an  older  one,  is  now  accounted  for  by  a  re- 
pealed ert^tion  of  the  volcano,  after  it  had  been  reposing  for  a  short 
lapse  of  time,  during  which  the  older  opening  has  advanced  towards 
the  west  'The  volcanoes  are  situated  principally  in  two  zones  or 
belts,  on  both  sides  of  the  equator,  to  which  phenomenon  geologists 
will  find  an  analogy  in  the  greater  mountain  chains  upon  our  globe ; 
hence  the  fre<]tiency  of  spots  on  certain  parallels.  If  this  theory  of 
volcanic  eruptions  which  I  have  dared  to  advance  shall  be  confirmed, 
especially  by  the  establishment  of  certain  fixed  eruptive  points  in 
loni^ode,  then,  with  some  confidence,  we  may  compare  the  moon 
to  a  countiy  of  extinguished  volccmoes,  our  planet  to  a  volcano  lan- 
guishing in  eruptions,  and  the  sun  to  the  seat  of  volcanoes  in  a 
prod^ous  state  of  activity. 


5.  Method  of  determining  Longitudes  by  Occultations  of  the 
Pleiades.  By  Professor  Benjamin  Peirce,  of  Cambridge. 
(Communicated  by  Permission  of  Professor  A.  O.  Bache,  Super- 
mtendent  of  the  Coast  Survey.) 

i.  The  determination  of  longitudes  by  occultati(ms  of  the  stars 
appears  to  be  the  most  exact  of  all  astronomical  methods  for  such  de- 
terminations, and  deserves  therefore  a  most  careful  examination,  in 
Older  to  ascertain  the  greatest  degree  of  accuracy  of  which  it  is  sus- 
ceptible, and  the  surest  method  of  securing  such  accuracy.  The 
aources  of  error  are  partly  those  of  observation,  and  partly  those  of 
theory.  The  errors  arising  from  observation  are  of  two  classes ;  first, 
there  are  those  which  are  special  to  the  observations  of  the  occulta- 
tions ;  and,  secondly,  there  are  those  which  are  general  and  inseparable 
from  the  theoretical  defects. 

2.  The  probable  error  of  the  direct  observation  of  an  occultation 
has  been  investigated  by  Commander  C.  £^.  Davis,  from  simultaneous 
observatioDS  made  by  different  observers  at  the  same  place.  From 
his  researches,  which  were  communicated  to  the  Association  at  Wash- 
ingtoQ,  it  appears  that  this  probable  error  is  about  a  fifth  of  a  second 
of  time,  so  that  the  ultimate  probable  error  of  the  mean  of  this  class 
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of  observations  cannot  exceed  a  twentieth  of  a  second  of  time.  If, 
therefore,  the  theoretical  defects  can  be  eliminated  by  proper  pre* 
cautions  and  a  sufficient  accumulation  of  observations,  lon^tudes  may 
be  obtained  by  this  method,  of  which  the  probable  error  shall  be  de- 
cidedly inferior  to  a  tenth  of  a  second  of  time. 

3.  It  is  obvious  that,  with  the  present  uncertainty  of  the  lunar 
theory,  isolated  occultations  cannot  approach  this  degree  of  accuracy 
in  the  determination  of  longitudes.  But  well-determined  groups  of 
stars  are  essential  to  correct  the  lunar  elements  and  rectify  the  places 
of  the  stars  themselves.  The  present  plan  is  to  carry  out  the  sugges- 
tions of  Walker,  in  his  report  to  the  Superintendent  published  in 
1851,  by  combining  all  the  known  observations  of  occultations  of  the 
Pleiades,  and  using  them  to  correct  the  lunar  semidiameter,  the  mu- 
tual positions  and  changes  of  position  of  the  stars  of  this  group,  to  test 
and  correct  the  formulse  for  lunar  parallax,  to  determine  the  irregu- 
larities of  the  moon^s  limb,  and,  finally,  to  correct  the  longitudes  of  the 
places  of  observation. 

4.  Of  the  various  forms  of  computation  which  might  be  adopted, 
I  have  selected  that  which  is  derived  from  the  stereographic  projection 
of  the  sphere,  in  which  the  star  Alcyone  is  the  pole  of  projection. 
The  advantages  of  the  stereographic  projection  consist  in  the  circu- 
larity of  the  projections  of  all  the  spherical  circles,  so  that  the  moon 
is  represented  by  a  circle  on  the  plane  of  projection.  The  advantage 
of  placing  the  pole  of  projection  at  the  star  Alcyone  is,  that  the  dis- 
tances and  relative  positions  of  the  projected  places  of  the  stars  are 
only  affected  by  the  differences  of  their  proper  motions,  and  the  small 
differential  effects  of  aberration.  There  may  be  a  doubt  whether  the 
somewhat  greater  simplicity  of  the  formulae,  in  the  case  in  which  the 
pole  of  projection  coincides  with  that  of  the  celestial  equator,  should 
not  cause  this  form  of  projection  to  be  preferred  ;  and  it  may  be  ad- 
visable, in  order  to  insure  accuracy,  to  conduct  the  computations,  in- 
dependently, by  each  method. 

5.  As  the  basis  of  computation,  the  places  of  the  stars  have  been 
taken  from  BessePs  investigations,  which  are  contained  in  the  first 
volume  of  his  Aetronomische  Untersuehungen^  in  the  article  entitled 
Beohachiungen  Verechiedener  Sterne  der  Pkjaden.  The  places  of 
the  moon  are  taken  from  the  Nautical  Almanac,  or  from  the  *^  Tables 
of  the  Moon,'*  constructed  for  the  American  Ephemeris,  and  the 
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moon's  parallax  and  semidiameter  from  the  "  Tables  of  the  Moon's 
Parallax  constructed  from  Walker's  and  Adams's  Formulee  for  the  Use 
of  the  American  Ephemens  and  Nautical  Almanac." 

6.  The  following  are  the  formulee  for  the  computation  of  the  stereo- 
graphic  projections :  — 

Let      a  «s  the  right  ascension  of  Alcyone ; 
/3  =r  the  declination  of  Alcyone  ; 

a'  s»  the  right  ascension  of  another  star  or  of  the  moon's  centre ; 
/3'  »  the  declination  of  the  second  star  or  of  the  moon's  centre ; 
Aa  =a  o'  —  a; 

The  axes  of  x  and  y  have  their  origin  at  Alcyone,  the  axis  of  y  is 
directed  to  the  north,  and  that  of  :i;  to  the  east.  The  co-ordinations  of 
the  star  are  given  by  the  formulae, 

il  s  1  —  sin' }  A  j9  4"  ^"^'  1  ^  ^  cos  /3  cos  /3' 
B  sin  1''  »»^  sin  A  a  cos  jS' ; 
C  sin  1''  »  A  j9  -j*  ^  ^^°'  I  Aa  sin  j9  cos ^' ; 
B 

C 

The  radius  of  the  circle,  which  represents  the  moon,  is  given  by  the 
formula, 

X,-[l  +  4(a:^  +  y»)sinM"]In 

io  which  Si  is  the  augmented  semidiameter  of  the  moon. 

The  computation  of  il,  C,  and  S,  should  be  performed  with  the  aid 
of  the  Gaussian  logarithms. 

7.  The  formulfiB  for  the  corrections  of  latitude  for  the  earth's  ec- 
centricity are, 

^  =  the  geographical  latitude  of  the  place  ; 
e  =  the  earth's  eccentricity  ; 
sin  ^  =  e  sin  ^ ; 
h  =  sec  ^  cos  ^ ; 
i^  =  (1  —  e^)  sec  ^  sin  ^. 

8.  The  parallax  of  the  moon  in  right  ascension  and  declination,  and 
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its  augmented  semidiameter,  are  obtained  from  the  formuls  of  Olbers, 
which  are, 

jr  =  the  moon's  equatorial  horizontal  parallax  ; 

s  =  the  sidereal  time  at  the  place  of  observation ; 

oq  =  the  moon's  tabular  right  ascension ; 

Pq  =  the  moon's  tabular  declination ; 
A;,a  =  a!  —  00  =  the  parallax  in  right  ascension ; 
A,  /3  =  /3'  —  /3o  =  the  parallax  in  declination ; 

Psin  1"  =  A  sin  IT  sec  p^ » 

P  sin  V  sin  {s  —  gp) 
tangA.o=  i_Psin  l"cos(«  — co)' 

__  k  cos  ^  Ay  g 

^^  ■"  A  COS  (f  —  Of  —  I  A,  a)  * 

Q.    - .,        k  sin  ir 
sm  1"  =  — . ; 
sm  i;   ' 

f«ni,  A  R  -      Q  sin  Psin  (ft  — ^) 
^"^«^'^  -  l-Q8inl"cos(ft-,)  5 
log  a  =  9.435000  ; 

*i  —  air  ~.      T-r r, 

smOo  — 1?) 

9.  In  order  to  determine  the  equations  of  condition  for  the  correct- 
ing of  the  lunar  elements,  of  the  places  of  the  stars,  and  of  the  longi- 
tude of  the  place,  let 

^019  Vm  denote  the  co-ordinates  of  the  moon's  place  affected  with 
parallax ; 
«t>  y.>  those  of  the  star's  place  ; 

Py  the  distance  of  the  star  from  the  centre  of  the  moon  for  the 
recorded  instant  of  the  observed  immersion  or  emersion ; 
$y  the  angle  which  p  makes  with  the  axis  of  x ; 
^,  the  angle  which  the  moon's  apparent  path,  affected  with 

parallax,  makes  with  the  axis  of  x ; 
V,  the  velocity  of  the  moon  for  a  second  of  time  estimated  in 
seconds  of  space ; 
^m)  y*m»  the  changes  in  the  values  of  x^  and  y^  for  a  second  of  time  ; 
d  x^y  the  correction  of  x^  for  the  instant  denoted  by  r ; 
d/S^,  the  correction  of  the  moon's  declination  for  the  instant  r  ; 
d««,  the  correction  ofx,  for  the  year  1840  ; 
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d  p,^  the  correction  of  the  star's  decimation  for  the  year  1640 ; 
dx'a,  the  correction  of  the  hourly  change  of  x^ ; 
d/S'.y  the  correction  of  the  moon^s  hourly  motion  in  declination ; 
d  x'gf  the  correction  of  the  star's  annual  change  of  x^ ; 
d/S',,  the  correction  of  the  star's  annual  proper  motion  in  declination ; 
h  r,  the  correction  of  the  moon's  horizontal  parallax ; 
d  a,  the  correction  of  a ; 
d  5,  the  correction  of  the  moon's  semidiameter  for  irregularity  of 

outline ; 
dX,  the  correction  of  the  western  longitude  of  the  place  in  seconds 

of  time ; 
d  ^  the  correction  in  seconds  of  the  local  time  of  ohservation  for 

the  night's  work ; 
/,  the  time  expressed  in  hours  and  decimals  of  an  hour ; 
t^  the  time  in  years  from  1840. 

The  subsidiary  formulae  for  the  determination  of/?,  v,  ^,  and  ^  are, 
p  cos  ^  =  a?.  —  a:^  ; 
/)  sin  d  =  y.  —  y^  ; 
r  cos  ^  =  xf^ ; 
9  sin  ^  =  y'^. 

And  the  equation  of  condition  is 

cos  e  [dx.  —  «««  +  <,  bx^.  —  {t  —  r)  bxf^]  +  sin  d  [d/3,  —  «j9«  + 

10.  In  computing  x^  and  y^  by  the  formulae  of  ^  6,  the  apparent 
right  ascendon  and  declination  of  Alcyone  must  be  taken  for  the  time 
from  the  Nautical  Almanac  or  Bessel's  Tahda  RegiomontafUB.  The 
values  of  x,  and  y^  must  be  corrected  for  proper  motion,  and  also 
for  the  change  in  the  co-ordinates  arising  from  precession  and  aber- 
lation.  The  formulae  for  the  computation  of  these  changes  have  been 
recently  investigated  by  Dr.  Peters,  who  has  constructed  tables  which 
greatly  facilitate  their  use. 

(Dr.  Peters's  investigation  was  here  presented  to  the  Association, 
and  also  the  co-ordinates  .of  the  Pleiades,  computed  by  Mr.  Webber 
and  myself,  as  well  as  those  of  the  values  of  h  and  Ar,  for  all  the  prin- 
cipal observatories.) 

9* 
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11.  The  great  number  of  corrections  to  be  determined  will  prevent 
the  success  of  this  mediod,  unless  they  are  divided,  with  just  discre- 
tion, into  classes  arranged  for  separate  discussion.  Thus  the  detex^ 
mination  of  the  irregularities  of  the  moon  must  be  preceded  by  that  of 
its  mean  diameter,  and  the  proper  motions  of  the  stars  cannot  be  cor- 
rected until  the  final  combination  of  all  the  observations.  For  each 
night  of  observation,  the  elements  of  the  moon^s  place,  its  parallax,  and 
the  local  time,  must  be  subjected  to  separate  discussion,  while  for  each 
period  of  occultation  the  corrections  of  the  star's  places,  of  the  longi- 
tudes, and  of  the  constant  a,  may  be  determined. 

This  labor  will  be  greatly  relieved  by  a  new  determination  of  the 
places  of  the  Pleiades,  and  there  seems  to  be  no  instrument  capable 
of  such  delicate  work  but  the  heliometer.  It  is  much  to  be  desired, 
therefore,  that  this  important  instrument  may  be  obtained  for  one  of 
our  observatories. 

Note.  —  Dr.  Armsby  of  Albany,  who  was  present  at  the  meeting,  was  incited 
by  this  announcement  to  write  to  Mr.  Olcatt,  who  immediately  undertook  to  obtain 
the  aid  of  the.  gentlemen  of  Albany  in  providing  this  insfcmment  for  the  Dudley 
Observatory  of  Albany.  But  upon  submitting  the  matter  to  Mrs.  Dudley,  this 
generous  lady  offered  to  take  the  whole  burden  upon  herself.  By  the  ardent  seal 
of  other  gentlemen,  aided  by  the  generosity  of  another  lady,  Mrs.  Coming,  Dr. 
Gould  was,  in  a  few  weeks,  induced  to  go  to  Europe  for  the  purpose  of  puKhasing, 
for  the  Dudley  Observatory,  the  Dudley  Heliometeri  the  Coming  Astronomical 
Clock,  a  meridian  circle,  and  a  prime-vertical  transit  instrament.  The  magnitude 
and  promptness  of  this  liberality  are  equally  remarkable,  and  cannot  fail  to  stimu- 
late the  Association  to  perseverance  in  its  efforts  for  the  advancement  of  sdence. 


in.  PHYSICS. 


1.  On  the  MonE  of  testing  BgiLDiNo  MATfiEiixs,  and  an  Ac- 
count OP  THE  Marble  xssed  in  the  Extension  of  the  United 
States  Capitol.  By  Professor  Joseph  Henry,  Secretary  of 
the  Smithsonian  Institution. 

A  commission  was  appointed  hy  the  President  of  the  United  States 
in  Novemher,  1851,  to  examine  the  marbles  which  were  offered  for 
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the  eztensioa  of  the  United  States  Capitol,  which  consisted  of  General 
Totten,  A.  J.  Downing,  the  Commissioner  of  Patents,  the  architect, 
and  myself.  Another  commission  was  subsequently  appointed,  in  the 
early  part  of  the  year  1854,  to  repeat  and  extend  some  of  the  experi- 
ments,—  the  members  of  which  were  General  Totten,  Professor 
Bache,  and  myself. 

A  part  of  the  results  of  the  first  commission  were  given  in  a  report 
to  the  Secretary  of  the  Interior,  and  a  detailed  account  of  the  whole 
of  the  investigations  of  these  committees  will  ultimately  be  given  in 
full  in  a  report  to  Congress,  and  I  propose  here  merely  to  present 
acme  of  the  facts  of  general  interest,  or  which  may  be  of  importance 
to  those  engaged  in  similar  researches. 

Though  the  art  of  building  has  been  practised  from  the  earliest 
times,  and  constant  demands  have  been  made,  in  every  age,  for  the 
means  of  determining  the  best  materials,  yet  the  process  of  ascertain- 
ing the  strength  and  durability  of  stone  appears  to  have  received  but 
little  definite  scientific  attention,  and  the  commission,  who  have  never 
before  made  this  subject  a  special  object  of  study,  have  been  surprised 
with  unforeseen  difficulties  at  every  step  of  their  progress,  and  have 
come  to  the  conclusion  that  the  processes  usually  employed  for  solving 
these  questions  are  still  in  a  very  unsatisfactory  state. 

It  should  be  recollected,  that  the  stone  in  the  building  is  to  be  ex- 
posed for  centuries,  and  that  the  conclusions  desired  are  to  be  drawn 
from  results  produced  in  the  course  of  a  few  weeks.  Besides  this,  in 
the  present  state  of  science,  we  do  not  know  all  the  actions  to  which 
the  materials  are  subjected  in  nature,  nor  can  we  fully  estimate  the 
amount  of  those  which  are  known. 

The  solvent  power  of  water,  which  even  attacks  glass,  must  in  time 
produce  an  appreciable  efiect  on  the  most  solid  material,  particularly 
where  it  contains,  as  the  water  of  the  atmosphere  always  does,  car- 
bonic acid  in  solution.  The  attrition  of  siliceous  dusts,  when  blown 
against  a  building,  or  washed  down  its  sides  by  rain,  is  evidently 
operative  in  wearing  away  the  surface,  though  the  evanescent  portion 
removed  at  each  time  may  not  be  indicated  by  the  nicest  balance. 
An  examination  of  the  basin  which  formerly  received  the  water  from 
the  fountain  at  the  western  entrance  of  the  Capitol,  now  deposited  in 
the  Patent  Office,  will  convince  any  one  of  the  great  amount  of  action 
produced  principally  by  water  charged  with  carbonic  acid.    Again, 
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every  flash  of  lightning  not  only  generates  nitric  acid, —  which,  in 
solution  in  the  rain,  acts  on  the  marhle, —  hut  also  hy  its  inductive 
effects  at  a  distance  produces  chemical  changes  along  the  moist  wall, 
which  are  at  the  present  time  heyond  our  means  of  estimating.  Also 
the  constant  variations  of  temperature  from  day  to  day,  and  even  from 
hour  to  hour,  give  rise  to  molecular  motions  which  must  affect  the 
durability  of  the  material  of  a  building.  Recent  observations  on  the 
pendulum  have  shown  that  the  Bunker  Hill  Monument  is  scarcely  for 
a  moment  in  a  state  of  rest,  but  is  constantly  warping  and  bending 
under  the  influence  of  the  varying  temperature  of  its  different  sides. 

Moreover,  as  soon  as  the  polished  surface  of  a  building  is  made 
rough  from  any  of  the  causes  aforementioned,  the  seeds  of  minute 
lichens  and  mosses,  which  are  constantly  floating  in  the  atmosphere, 
make  it  a  place  of  repose,  and  by  the  growth  and  decay  of  the  mi- 
croscopic plants  which  spring  from  these,  discoloration  is  produced, 
and  disintegration  assisted. 

But  perhaps  the  greatest  source  of  the  wearing  away  in  a  climate 
like  ours,  is  that  of  the  alternations  of  freezmg  and  thawing  which 
take  place  during  the  winter  season ;  and  though  this  effect  must  be 
comparatively  powerful,  yet,  in  good  marble,  it  requires  the  accumu- 
lated effect  of  a  number  of  years  in  order  definitely  to  estimate  its 
amount  From  all  these  causes,  the  commission  are  convinced  that 
the  only  entirely  reliable  means  of  ascertaining  the  comparative  capa- 
bility of  marble  to  resist  the  weather,  is  to  study  the  actual  effects  of 
the  atmosphere  upon  it,  as  exhibited  in  buildings  which  for  yeara  have 
been  exposed  to  these  influences.  Unfortunately,  however,  in  this 
country,  but  few  opportunities  for  applying  this  test  are  to  be  found. 
It  is  true  some  analogous  information  may  be  derived  from  the  ex- 
amination of  the  exposed  surfaces  of  marble  in  their  out-crops  at  the 
quarry ;  but  in  this  case  the  length  of  time  they  have  been  exposed, 
and  the  changes  of  actions  to  which  they  may  have  been  subjected 
during,  perhaps,  long  geological  periods,  are  unknown ;  and  since 
different  quarries  may  not  have  been  exposed  to  the  same  action,  they 
do  not  always  afford  definite  data  for  reliable  comparative  estimates  of 
durability,  except  where  different  specimens  occur  in  the  same  quarry. 

As  we  have  said  before,  the  art  of  testing  the  quality  of  stone  for 
building  purposes  is  at  present  in  a  very  imperfect  state  ;  the  object 
is  to  imitate  the  operations  of  nature,  and  at  the  same  time  to  hasten 


PHT8I0S.  105 

the  effisct  by  increasing  the  energy  of  the  action,  and,  after  all,  the 
result  may  be  deemed  but  as  appiozimattve,  or,  to  a  considerable  de- 
gree, merely  probable. 

Aix>ut  twenty  years  ago  an  ingenious  process  was  deyised  by  M. 
ftnrd,  which  consists  in  saturating  the  stone  to  be  tested  with  a  solu- 
tkm  of  the  sulphate  of  soda.  In  drying,  this  salt  crystallizes  and  ex- 
pands, thus  producing  an  exfoliation  of  surfiatce  which  is  supposed  to 
imitate  the  effect  of  frost.  Though  this  process  has  been  much  relied 
on,  and  generaQy  employed,  recent  inrestigations  made  by  Dr.  Owen 
lead  us  to  doubt  its  perfect  analogy  with  that  of  the  operations  of  na- 
ture. He  found  that  the  results  produced  by  the  actual  exposure  to 
freezing  and  thawing  in  the  air,  during  a  portion  of  winter,  in  the  case 
of  the  more  porous  stones,  produced  very  difierent  results  from  those 
obtained  by  the  drying  of  the  salt.  It  appears  from  his  experiments, 
that  (he  action  of  the  latter  iis  chemical  as  well  as  mechanical. 

The  commission,  in  consideration  of  this,  have  attempted  to  produce 
results  on  the  stone  by  freezing  and  thawing  by  means  of  artificial 
cold  and  heat  This  process  is,  however,  laborious;  each  specimen 
must  be  inclosed  in  a  separate  box  fitted  with  a  cover,  and  the  amount 
of  exfoliation  produced  is  so  slight,  that  in  good  marble  the  operation 
requires  to  be  repeated  many  times  before  reliable  comparative  re- 
sults can  be  obtained.  In  prosecuting  this  part  of  the  inquiries,  unfore- 
seen difBculties  have  occurred  in  ascertaining  precisely  the  amount  of 
the  disintegration,  and  it  has  been  found  that  the  results  are  liable  to 
be  vitiated  by  circumstances  which  were  not  foreseen  at  the  com- 
mencement of  the  inquiries. 

It  would  seem  at  first  sight,  and  the  commission  when  they  under- 
took the  investigation  were  of  the  same  opinion,  that  but  little  difficulty 
would  be  found  in  ascertaining  the  strength  of  the  various  specimens 
of  marbles.  In  this,  however,  they  were  in  error.  The  first  difficulty 
which  occurred  was  to  procure  the  proper  instrument  for  the  purpose. 
On  examining  the  account  of  that  used  by  Bennie,  and  described  in 
the  Transactions  of  the  Royal  Society  of  London,  the  commission 
found  that  its  construction  involved  too  much  friction  to  allow  of  defi- 
nite comparative  results,  Frictionjtself  has  to  be  overcome,  as  well 
as  the  resistance  to  compression,  and  since  it  increases  in  proportion 
to  the  pressure,  the  stronger  stones  would  appear  relatively  to  with- 
stand too  great  a  compressing  force. 
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The  ccmmission  first  examined  an  instrament  —  a  hydraulic 
press — which  had  previously  been  used  for  experiments  of  this  kind, 
but  found  that  it  was  liable  to  the  same  objection  as  that  of  the  ma- 
chine of  Rennie.  They  were,  however,  extremely  fortunate  subse- 
quently in  obtaining,  through  the  politeness  of  Commodore  Ballard, 
commandant  of  the  Navy  Yard,  the  use  of  an  admirable  instrument 
devised  by  Major  Wade,  iate  of  the  United  States  Army,  and  con- 
structed under  his  direction,  for  the  purpose  of  testing  the  strength  of 
gun  metals.  This  instrument  consists  of  a  compound  lever,  the  sev- 
eral fulcra  of  which  are  knife-edges,  opposed  to  hardened  steel  sur- 
faces. The  commission  verified  the  delicacy  and  accuracy  of  the 
indications  of  this  instrument  by  actual  weighing,  and  found,  in  ac- 
cordance with  the  description  of  Major  Wade,  the  equilibrium  was 
produced  by  one  pound  in  opposition  to  two  hundred.  In  the  use  of 
this  instrument  the  commission  were  much  indebted  to  the  experience 
and  scientific  knowledge  of  Lieutenant  Dahlgreen,  of  the  Navy  Yard, 
and  to  the  liberality  with  which  all  the  appliances  of  that  important 
public  establishment  were  put  at  their  disposal. 

Specimens  of  the  difierent  samples  of  marble  were  prepared  in  the 
form  of  cubes  of  one  inch  and  a  half  in  dimension,  and  consequently 
exhibiting  a  base  of  two  and  a  quarter  square  inches.  These  were 
dressed  by  ordinary  workmen  with  the  use  of  a  square,  and  the  oppo- 
site sides  made  as  nearly  parallel  as  possible  by  grinding  by  hand  on  a 
flat  surface.  They  were  then  placed  between  two  thick  steel  plates, 
and,  in  order  to  insure  an  equality  of  pressure,  independent  of  any 
want  of  perfect  parallelism  and  flatness  on  the  two  opposite  surfaces, 
a  thin  plate  of  lead  was  interposed  above  and  below  between  the  stone 
and  the  plates  of  steel.  This  was  in  accordance  with  a  plan  adopted 
by  Bennie,  and  that  which  appears  to  have  been  used  by  most,  if  not 
all,  of  the  subsequent  experimenters  in  researches  of  this  kind.  Some 
doubt,  however,  was  expressed  as  to  the  action  of  interposed  lead, 
which  induced  a  series  of  experiments  to  settle  this  question,  when  the 
remarkable  fact  was  discovered,  that  the  yielding  and  approximately 
equable  pressure  of  the  lead  caused  the  stone  to  give  way  at  about 
half  the  pressure  it  would  sustain  without  such  an  interposition.  For 
example,  one  of  the  cubes,  precisely  similar  to  another  which  with- 
stood a  pressure  of  upwards  of  60,000  pounds  when  placed  in  imme- 
diate contact  with  the  steel  plates,  gave  way  at  about  30,000  with  lead 
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iaterposed.  This  remarkable  fact  was  verified  in  a  series  of  experi- 
ments, embracing  samples  of  nearly  all  the  marbles  under  trial,  and  in 
no  case  did  a  single  exception  occur  to  vary  the  result. 

The  explanation  of  this  remarkable  phenomenon,  now  that  it  is 
known,  is  not  difficult.  The  stone  tends  to  give  way  by  bulging 
out  in  the  centre  of  each  of  its  four  perpendicular  faces,  and  to  form 
two  pyramidal  figures,  with  their  apices  opposed  to  each  other  at  the 
centre  of  the  cube,  and  their  bases  against  the  steel  plates.  In  the 
case  where  rigid  equable  pressure  is  employed,  as  in  that  of  the 
thick  steel  plate,  all  parts  must  give  way  together.  But  in  that  of  a 
yielding  equable  pressure,  as  in  the  case  of  interposed  lead,  the  stone 
first  gives  way  along  the  lines  of  least  resistance,  and  the  remaining 
pressure  most  be  sustained  by  the  central  portions  around  the  vertical 
axis  of  the  cube. 

Afler  this  important  fact  was  clearly  determined,  lead  and  all  other 
interposed  substances  were  discarded,  and  a  method  devised  by  which 
the  upper  and  lower  sur&ces  of  the  cube  could  be  ground  into  perfect 
parelleUsm.  Thb  consists  in  the  use  of  a  rectangular  iron  frame,  into 
which  a  row  of  six  of  the  specimens  could  be  fastened  by  a  screw  at 
the  end.  The  upper  and  lower  surfaces  of  this  iron  frame  were 
wrought  into  perfect  parallelism  by  the  operation  of  a  planing  ma- 
chine. The  stones  being  fastened  into  this,  with  a  small  portion  of 
the  upper  and  lower  parts  projecting,  the  whole  were  ground  down  to 
a  Bat  surface,  until  the  iron  and  the  face  of  the  cubes  were  thus 
brought  into  a  continuous  plane.  The  frame  was  then  turned  over, 
and  the  opposite  surfaces  ground  in  like  manner.  Care  was  of  course 
taken  that  the  surfaces  thus  reduced  to  perfect  parallelism,  in  order  to 
receive  the  action  of  the  machine,  were  parallel  to  the  natural  beds  of 
the  stone. 

All  the  specimens  tested  were  subjected  to  this  process,  and  in  their 
exposure  to  pressure  were  found  to  give  concordant  results.  The 
crashing  force  exhibited  in  the  subjoined  table  is  much  greater  than 
that  heretofore  given  for  the  same  material. 

The  commission  have  also  determined  the  specific  gravities  of  the 
different  samples  submitted  to  their  examination,  and  also  the  quantity 
of  water  which  each  absorbs. 

They  consider  these  determinations,  and  particularly  that  of  the  re- 
sistance to  crushing,  tests  of  much  importance,  as  indicating  the  cohe- 
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sive  force  of  the  particles  of  the  stone,  and  its  capacity  to  resist  most 
of  the  influences  before  mentioned. 

The  amount  of  water  absorbed  may  be  regarded  as  a  measure  of 
the  antagonistic  force  to  cohesion,  which  tends,  in  the  expansion  of 
freezing,  to  disintegrate  the  surface.  In  considering,  however,  the 
indication  of  this  test,  care  must  be  taken  to  make  the  comparison  be- 
tween marbles  of  nearly  the  same  texture,  because  a  coarsely  crystal- 
lized stone  may  apparently  absorb  a  small  quantity  of  water,  while  in 
reality  the  cement  which  unites  the  crystals  of  the  same  stone  may 
absorb  a  much  larger  quantity.  That  this  may  be  so  was  clearly  es- 
tablished in  the  experiments  with  the  coarsely  crystallized  marbles 
examined  by  the  commission.  When  these  were  submitted  to  a  liquid 
which  slightly  tinged  the  stone,  the  coloration  was  more  intense  around 
the  margin  of  each  crystal,  indicating  a  greater  amount  of  absorption 
in  these  portions  of  the  surface. 

The  marble  which  was  chosen  for  the  Capitol  is  a  dolomite,  or  is 
composed  of  carbonate  of  lime  and  magnesia  in  nearly  atomic  propor- 
tions. It  was  analyzed  by  Dr.  Torrey  of  New  York,  and  Dr.  Genth 
of  Philadelphia.  According  to  the  analysis  of  the  former,  it  consists, 
in  hundredth  parts,  of 

Carbonate  of  lime, 54.621 

Carbonate  of  magnesia, 43.932 

Carbonate  of  protoxide  of  iron, 365 

Carbonate  of  protoxide  of  manganese,  .        (a  trace.) 

Mica, 472 

Water  and  loss, .610 

The  marble  is  obtained  from  a  quarry  in  the  southeasterly  part  of 
the  town  of  Lee,  in  the  State  of  Massachusetts,  and  belongs  to  the 
great  deposit  of  primitive  limestone  which  abounds  in  that  part  of  the 
district.  It  is  generally  white,  with  occasional  blue  veins.  The  struc- 
ture is  fine-grained.  Under  the  microscope  it  exhibits  fine  ciystals  of 
colorless  mica,  and  occasionally  also  small  particles  of  bisulphuret  of 
iron.  Its  specific  gravity  is  2.8620;  its  weight  178.87  lbs.  per  cubic 
foot ;  it  absorbs  .103  parts  of  an  ounce  per  cubic  inch,  and  its  porosity 
is  great  in  proportion  to  its  power  of  resistance  to  pressure.  It  sus- 
tains 23,917  lbs.  to  the  square  inch.  It  not  only  absorbs  water  by 
capillary  attraction,  but,  in  common  with  other  marbles,  sufiers  the  dif* 
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fusion  of  gases  to  take  place  through  its  suhstance.  Dr.  Torrey  found 
that  hydrc^n  and  other  gases,  separated  from  each  other  by  slices  of 
the  mineral,  difiTuse  themselves  with  considerable  rapidity  through  the 
partition. 

This  marble,  soon  after  the  workmen  commenced  placing  it  in  the 
walls,  exhibited  a  discoloration  of  a  brownish  hue,  no  trace  of  which 
appeared  so  long  as  the  blocks  remained  exposed  to  the  air  in  the 
stonecutter's  yard.  A  variety  of  suggestions  and  experiments  were 
made  in  regard  to  the  cause  of  this  remarkable  phenomenon,  and  it 
was  finally  concluded  that  it  was  due  to  the  previous  absorption  by 
the  marble  of  water  holding  in  solution  a  small  portion  of  organic 
matter,  together  with  the  absorption  of  another  portion  of  water  from 
the  mortar. 

To  illustFate  the  process,  let  us  suppose  a  fine  capillary  tube,  the 
lower  end  of  it  immersed  in  water,  and  of  which  the  internal  diameter  is 
sufficiently  small  to  allow  the  liquid  to  rise  to  the  top,  and  be  exposed  to 
the  atmosphere ;  evaporation  will  take  place  at  the  upper  surface  of  the 
column,  a  new  portion  of  water  will  be  drawn  in  to  supply  the  loss  ; 
and  if  this  process  be  continued,  any  material  which  may  be  dissolved 
in  the  water,  or  mechanically  mixed  with  it,  will  be  found  deposited  at 
the  upper  orifice  of  the  tube,  or  at  the  point  of  evaporation. 

If,  however,  the  lower  portion  of  the  tube  be  not  furnished  with  a 
supply  of  water,  the  evaporation  at  the  top  will  not  take  place,  and  the 
deposition  of  foreign  matter  will  not  be  exhibited,  even  though  the 
tube  itself  may  be  filled  with  water  impregnated  with  impurities. 
The  pores  of  the  stones  so  long  as  the  blocks  remain  in  the  yard  are 
in  the  condition  of  the  tube  not  supplied  at  its  lower  end  with  water, 
and  consequently  no  current  takes  place  through  them,  and  the 
amount  of  evaporation  is  comparatively  small ;  but  when  the  same 
blocks  are  placed  in  the  wall  of  the  building,  the  absorbed  water  from 
the  mortar  at  the  interior  surface  gives  the  supply  of  the  liquid  necesr 
sary  to  carry  the  coloring  material  to  the  exterior  surface,  and  de- 
posit it  at  the  outer  orifices  of  the  pores. 

The  cause  of  the  phenomenon  being  known,  a  remedy  was  readily 
suggested,  which  consisted  in  covering  the  surface  of  the  stone  to  be 
embedded  in  mortar  with  a  coating  of  asphaltum.  This  remedy  has 
appaieotly  proved  successful.  The  discoloration  is  gradually  disap« 
pearing,  and  in  time  will  probably  be  entirely  imperceptible. 
10 
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This  marble,  with  many  other  specimens,  was  submitted  to  the 
freezing  process  fiAy  times  in  succession.  It  generally  remained  in 
the  freezing  mixture  for  twenty-four  hours,  but  sometimes  was  frozen 
twice  in  the  same  day.  The  quantity  of  material  lost  was  .00315 
parts  of  an  ounce.  On  these  data  Captain  Meigs  has  founded  an  inter- 
esting calculation,  which  consists  in  determining  the  depth  to  which 
the  exfoliation  extended  below  the  surface  as  the  effect  of  its  having 
been  frozen  fifty  times.  He  found  this  to  be  very  nearly  the  ten- 
thousandth  part  of  an  inch.  Now,  if  we  allow  the  alternations  of 
freezing  and  thawing  in  a  year  on  an  ayerage  to  be  fifty  times  each, 
which,  in  this  latitude,  would  be  a  liberal  one,  it  would  require  ten 
thousand  years  for  the  surface  of  the  marble  to  be  exfoliated  to  the 
depth  of  one  mch.  This  fact  may  be  interesting  to  the  geologist  as 
well  as  the  builder. 

Quite  a  number  of  different  varieties  of  marble  were  experimented 
upon.  A  full  statement  of  the  result  of  each  will  be  given  in  the  re- 
ports of  the  committees. 

At  the  meeting  of  the  Association  at  Cleveland,  I  made  a  com- 
munication on  the  subject  of  cohesion.  The  paper,  however,  was 
presented  at  the  last  hour ;  the  facts  were  not  fully  stated,  and  have 
never  been  published.  I  will,  therefore,  occupy  your  time  in  briefly 
presenting  some  of  the  facts  I  then  intended  to  communicate,  and 
which  I  have  since  verified  by  further  experiments  and  observations. 

In  a  series  of  experiments  made  some  ten  years  ago,  I  showed  that 
the  attraction  for  each  other  of  the  particles  of  a  substance  in  a  liquid 
form  was  as  great  as  that  of  the  same  substance  in  a  solid  form. 
Consequently,  the  distinction  between  liquidity  and  solidity  does  not 
consist  in  a  difibrence  in  the  attractive  power  occasioned  directly  by 
he  repulsion  of  heat ;  but  it  depends  upon  the  perfect  mobility  of  the 
atoms,  or  a  lateral  cohesion.  We  may  explain  tMs  by  assuming  an 
incipient  crystallization  of  atoms  into  molecules,  and  cc»u^ider  the  first 
efiect  of  heat  as  that  of  breaking  down  these  crystals,  and  permitting 
each  atom  to  move  freely  around  every  other.  When  this  crystalline 
arrangement  is  perfect,  and  no  lateral  motion  is  allowed  in  the  atoms, 
the  body  may  be  denominated  perfectly  rigid.  We  have  approxi- 
mately an  example  of  this  in  cast-steel,  in  which  no  slipping  takes 
place  of  the  parts  on  each  other,  or  no  material  el(»gation  of  the 
mass ;  and  when  a  rupture  is  produced  by  a  tensile  force,  a  rod  of 
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this  material  is  broken  with  a  transverse  fracture  of  the  same  size  as 
that  of  the  original  section  of  the  bar.  In  this  case  every  atom  is 
separated  at  once  from  the  other,  and  the  breaking  weight  may  be 
considered  as  a  measure  of  the  attraction  of  cohesicm  of  the  atoms  of 
the  metal. 

The  effect^  however,  is  quite  different  when  we  attempt  to  pull  apart 
a  rod  of  lead.  The  atoms  or  molecules  dip  upon  each  other.  The 
rod  is  increased  in  length,  and  diminished  in  thickness,  until  a  separa- 
tion  is  produced.  Instead  of  lead,  we  may  use  still  softer  materials, 
such  as  wax,  putty,  dsci,  until  at  length  we  axrtve  at  a  substance  in  a 
liquid  form.  This  will  stand  at  the  extremity  of  the  scale,  and  be- 
tween extreme  rigidity  on  the  one  hand,  and  extreme  liquidity  on  the 
other,  we  may  find  a  series  of  substances  gradually  shading  from  one 
extremity  to  the  other. 

According  to  the  views  I  have  presented,  the  difference  in  the 
tenacity  in  steel  and  lead  does  not  consist  in  the  attractive  cohesion  of 
the  atoms,  but  in  the  capability  of  slipping  upon  each  other.  From 
this  view,  it  follows  that  the  form  of  the  material  ought  to  have  some 
effect  upon  its  tenacity,  and  also  that  the  strength  of  the  article  should 
depend  m  some  degree  upon  the  process  to  which  it  had  been  sub- 
jected. 

For  example,  I  have  found  that  softer  substances,  in  which  the  outer 
atoms  have  freedom  of  motion,  whDe  the  inner  ones  by  the  pressure 
of  those  exterior  are  more  confined,  break  unequally;  the  inner 
fibres,  if  I  may  so  call  the  rows  of  atoms,  give  way  first,  and  entirely 
separate,  while  the  exterior  fibres  show  but  little  indications  of  a 
change  of  this  kind. 

If  a  cylindrical  rod  of  lead  three  quarters  of  an  inch  in  diameter 
be  turned  down  on  a  lathe  in  one  part  to  about  half  an  inch,  and 
then  be  gradually  broken  by  a  force  exerted  in  the  direction  of  its 
length,  it  will  exhibit  a  cylindrical  hollow  along  its  axis  of  half  an  inch 
in  length,  and  at  least  a  tendi  of  an  inch  in  diameter.  With  sub- 
stances of  greater  rigidity  this  effect  is  less  apparent,  but  it  exists  even 
in  iron,  and  the  interior  fibres  of  a  rod  of  this  metal  may  be  entirely 
sepaxated,  while  the  outer  surface  presents  no  appearance  of  change. 

From  this  it  would  appear  that  metals  should  never  be  elongated  by 
mere  stretching,  but  in  all  cases  by  the  process  of  wire-drawing,  or 
rolling.    A  wire  or  bar  must  always  be  weakened  by  a  force  which 
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permanently  increases  its  length  without  at  the  same  time  compress- 
ing it 

Another  effect  of  the  lateral  motion  of  the  atoms  of  a  soft  heavy 
body,  when  acted  upon  by  a  percussive  force  with  a  hammer  of  small 
dimensions  in  comparison  with  the  mass  of  metal,  —  for  example,  if  a 
large  shaft  of  iron  be  hammered  with  an  ordinary  sledge,  —  is  a  ten- 
dency to  expand  the  surface  so  as  to  make  it  separate  from  the 
middle  portions.  The  interior  of  the  mass  by  its  own  inertia  becomes 
as  it  were  an  anvil,  between  which  and  the  hammer  the  exterior  por- 
tions are  stretched  longitudinally  and  transversely.  I  here  exhibit  to 
the  Association  a  piece  of  iron  originally  from  a  square  bar  four  feet 
long,  which  has  been  so  hammered  as  to  produce  a  perforation  of  the 
whole  length  entirely  through  the  axis.  The  bar  could  be  seen 
through,  as  if  it  were  the  tube  of  a  telescope. 

This  fact  appears  to  me  to  be  of  great  importance  in  a  practical 
point  of  view,  and  may  be  connected  with  many  of  the  lamentable 
accidents  which  have  occurred  in  the  breaking  of  the  axles  of  locomo- 
tive engines.  These,  in  all  cases,  ought  to  be  formed  by  rolling,  and 
^t  with  the  hammer. 

The  whole  subject  of  the  molecular  constitution  of  matter  olTers  a 
rich  field  for  investigation,  and  isolated  facts,  which  are  familiar  to  al- 
most every  one  when  attentively  studied,  will  be  made  to  yield  results 
alike  interesting  to  abstract  science  and  practical  art. 


4.  On  the  Effect  op  mingling  Radiating  Substances  wttr 
Combustible  Materials:  By  Peofessor  Joseph  Henrt,  of 
Washington. 

I  beg  leave  to  call  the  attention  of  the  Association  for  a  few  mo* 
ments  to  a  paper  published  by  our  distinguished  countryman,  Count 
Rumford,  in  1802,  in  the  first  volume  of  the  Journal  of  the  Royal  In- 
stitution of  Great  Britain,  page  28,  entitled,  "  Observations  relative  to 
the  Means  of  Increasing  the  Quantities  of  Heat  obtained  in  the  Com* 
bustion  of  Fuel." 

"  It  is  a  fact,"  says  Count  Rumford,  *^  which  has  long  been  known. 
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that  clay  and  several  other  incombustible  substances,  when  mixed  with 
sea-coal  in  certain  proportions,  cause  the  latter  to  give  out  more  beat 
in  its  combostiQn  than  it  can  be  made  to  produce  when  it  is  burnt  pure 
or  unmixed.'^ 

^*  It  has  been  ascertained  that  when  the  sides  and  back  of  an  open 
chimney  fireplace,  in  which  coals  are  burnt,  are  composed  of  fire-brick 
and  heated  led-hot,  they  tlurow  off  into  the  room  more  heat  than  the 
burning  coals  themselves.^^ 

^^  The  fud,  therefore,^'  says  Count  Rumford,  ^*  should  be  disposed 
or  placed  so  as  to  heat  the  back  and  sides  of  the  grate,  which  must 
always  be  constnicted  of  fire-brick,  and  never  of  iron." 

The  vertical  stratum  of  coal  should  be  as  thin  as  is  consistent  with 
perfect  combustion,  for  a  laige  mass  of  coal  in  the  grates  arrests  the 
rays  which  proceed  from  the  back  and  sides  of  the  grate,  and  prevents 
their  coming  into  the  room.  The  grate  or  fireplace  itself  may  be  so 
contrived  as  to  produce  a  proper  degree  of  radiation,  but  when  this  is 
not  the  case,  Bumford  advises  that  the  bottom  of  the  gprate  be  covered 
with  a  mngle  layer  of  balls  of  fire-brick,  each  perfectly  globular,  and 
abont  two  inches  and  a  halfor  two  and  three  quarters  in  diameter.  ^^On 
this  layer  of  balls  fire  is  to  be  kindled,  and  in  filling  the  grate,  more 
balk  are  to  be  added  with  the  coals,  care  being  taken  to  mix  the  coals 
and  balls  well  tc^edier  in  due  proportions.  If  this  is  done,  the  fire 
will  not  anty  be  veiy  beautiful,  but  will  send  off  a  much  greater  quan- 
tity of  radiant  heat  into  the  room  than  without  tfaem.^^  Bumford  also 
declares,  that  these  balls  cause  the  cinden  to  be  almost  entirely  con- 
sumed* **  The  same  efiect  is  said  to  be  produced  by  the  mixture  of 
coals  and  clay  when  the  fuel  is  burnt  in  a  close  fireplace,  such  as  an 
iron  stove ;  and  it  is  the  custom  in  the  Netherlands  to  mix  moistened 
day  with  the  coals  before  they  are  introduced  into  a  stove  of  this 
form.'* 

Count  Bumford  gives  no  account,  in  the  paper  I  have  cited,  of  ex- 
perimenfto  by  which  the  iaot  of  the  greater  radiation  from  the  balls 
was  tested. 

In  reading  his  paper  some  years  since,  the  idea  occurred  to  me  that 
this  experiment  would  be  worthy  of  repetition,  with  llie  more  man* 
ageahle  and  deUcate  appliances  which  science  has  of  late  yean  fur- 
nished fot  the  use  of  the  investigator.  For  this  purpose  I  employed 
the  thermo-deetrioal  apparatus  of  Melloni,  furnished  with  a  tube  like 
10* 
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5j,>ac«pe  to  ciicomscribe  the  field  of  radiation,  and  the  result  con- 
£:«K^  the  stolement  of  Rumford,  that  more  heat  was  radiated  from 
.^j^f^j  c/fiie-brick  mingled  with  the  coal  than  from  the  combustible 
ieejf.  The  effect,  however,  would  probably  have  been  greater  with 
y^^guooas  coal.  The  arrangement  for  experimenting  with  coal  in  a 
§ttplace  was  very  imperfect,  and  I  had  recourse  to  the  heat  produced 
bj  the  flame  of  a  spirit-lamp,  and  also  of  a  jet  of  hydrogen.  A  flame 
of  this  kind  was  placed  before  the  thermo«pile,  at  such  a  distance  that 
the  needle  of  the  galvanometer  stood  at  15"* ;  the  end  of  a  platinum 
wire  coiled  into  a  spiral  form  was  then  introduced  into  the  flame,  and 
an  instant  increase  of  the  radiation  of  heat  was  observed,  the  gal- 
vanometer advancing  to  27^. 

It  has  long  been  well  known,  that  the  introduction  of  a  platinum  wire 
into  a  pale  flame  of  this  character  greatly  increases  the  radiation  of 
light,  and  from  this  experiment  it  is  evident  that  the  radiation  of  heat 
is  increased  in  a  like  degree.  After  this  a  number  of  difierent  sub- 
stances were  employed,  such  as  glass,  carbonate  of  lime,  sulphate  of 
lime,  stone  coal,  fire  clay,  &x;.  The  greatest  effect  appeared  to  be 
produced  with  pieces  of  carbonate  of  lime.  The  exact  order,  how- 
ever, could  not  be  determined  without  procuring  a  series  of  balls  of 
the  same  diameter  of  these  different  substances.  The  most  striking 
effect  was  produced  at  the  very  top  of  the  flame,  placing  the  platinum 
wire  in  the  heated  though  almost  non-luminous  air,  immediately  above 
the  highest  point  of  combustion. 

We  cannot  suppose  in  these  experiments  that  the  absolute  amount 
of  heat  produced  by  the  combustion  of  a  given  quantity  of  fuel  is  in- 
creased. The  most  probable  conjecture  is,  that  the  heat  of  combina- 
tion is  converted  into  radiant  heat,  and  that  the  flame  itself  is  cooled 
in  proportion  as  the  radiation  is  increased.  In  order  to  bring  this  idea 
to  the  test  of  experiment,  a  slip  of  mica  one  fifth  of  an  inch  in  breadth 
was  introduced  vertically  into  the  lower  part  of  the  flame,  while  the 
platinum  wire  occupied  the  space  just  above  the  top.  The  slip  of 
mica  was  placed  with  its  flat  side  vertically,  so  as  not  to  a£fect  by  its 
radiation  the  heat  of  the  wire.  With  this  arrangement  the  radiation 
of  heat  from  the  platinum  was  diminished.  A  corresponding  diminu- 
tion was  also -produced  in  the  amount  of  radiant  light  given  off,  and 
this  was  readily  perceptible  to  the  sight  This  eflfect  was  not  due  to 
the  cooling  of  the  flame  by  the  conduction  of  the  mica,  since  it  is  al- 
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most  a  non-conductor  of  heat,  and  this  property  was  exhibited  by  the 
fact  that  the  luminosity  of  the  mica  was  confined  to  that  part  which 
was  at  the  surface  of  the  flame  on  either  side. 

It  appears,  therefore,  from  these  experiments,  that  the  introduction 
of  a  solid  of  great  radiating  power  into  a  mass  of  materials  in  a  state  of 
combustion,  increases  the  amount  of  heat  thrown  into  the  space  around 
without  increasing  the  absolute  quantity  produced  by  combustion,  the 
increase  of  radiant  heat  being  at  the  expense  of  the  heat  of  combina- 
tion. To  gWe  a  practical  illustration  of  the  condition  of  the  matter,  if 
a  giiven  quantity  of  fuel  is  employed  in  evaporating  water,  by  com- 
bustion, under  a  kettle,  the  useful  efiect  would  be  diminished  by  in- 
serting in  the  flame  beneath  or  amid  the  combustible  a  better  radiat- 
ing substance  than  itself,  while  in  the  case  of  a  fire  to  warm  a  room 
the  efTect  would  be  directly  opposite  ;  a  greater  amount  of  heat  would 
be  thrown  into  the  room,  and  less  of  the  heat  of  combustion  would  be 
carried  up  the  chimney  with  the  escaping  gas.  Or  to  give  another 
example.  If,  over  a  coal  fire,  a  boiling  pot  be  suspended,  and  a 
roasting  oven  before  it,  the  introduction  of  a  radiating  material  would 
increase  the  effect  on  the  latter  at  the  expense  of  that  on  the  former. 

Count  Eumford  has  elsewhere  shown,  that  flame  is  a  bad  conductor 
of  heat,  and  in  stoves  and  boilers  heated  by  flame  it  is  therefore 
necessary  that  the  drafl  be  made  to  impinge  with  considerable  force 
upon  projecting  portions  of  the  metal,  in  order  that  the  greatest  amount 
of  heat  may  be  absorbed. 

If  a  column  of  heated  air  moves  rapidly  through  a  perpendicular 
stove-pipe,  but  a  comparatively  small  portion  of  the  heat  will  be  ab- 
sorbed by  the  metal  and  radiated  into  space  aroimd.  A  cylindrical 
stratum  of  non-conducting  air  in  contact  with  the  metal  will  be  com- 
paratively at  rest,  and  through  this  the  moving  column  of  heated  air 
will  rapidly  ascend,  without  communicating  its  heat  to  the  metal.  If, 
however,  in  this  case  the  current  of  air  be  obstructed,  and  the  cylin- 
drical motion  deranged  by  the  partial  close  of  a  damper,  the  heat  im- 
mediately around  the  point  of  obstruction  will  be  greatly  increased. 
With  a  proper  arrangement  of  parts,  I  have  known  a  dark  stove-pipe 
immediately  to  become  red  opposite  and  above  the  damper,  by  the 
partial  closing  of  this  val]^e.  It  is  probable  that  beat  might  be  econo- 
mized in  certain  cases  by  introducing  radiating  materials  in  flues.  It 
should,  however,  be  recollected,  that  the  draft  would  be  impeded  by 
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tlie  introduction  of  foreign  materials; — 1st  On  account  of  a  4iiect 
obstruction ;  and,  3d.  Because  of  the  diminished  temperature. 

It  is  frequently  stated,  in  works  on  chemistry,  that  the  beating  power 
of  the  flame  of  the  compound  blowpipe  is  very  great,  while  its  illu- 
minating power  is  quite  smalL  The  truth  is»  however,  that  the  radia- 
tion of  heat  from  its  flame  is  only  commensurate  with  its  radiation  of 
light,  and  that  what  tends  to  increase  the  one  will  also  increase  the 
other. 

The  radiation  from  heated,  though  non-luminous  air,  would,  from 
these  views,  appear  to  be  small,  though  from  meteorological  considera- 
tions they  would  seem  to  be  consideraUe. 

That  a  solid  substance  increases  the  radiation  of  the  heat  of  a 
flame,  is  an  interesting  fact  in  connection  with  the  nature  of  heat  itself. 
It  would  seem  to  show  that  the  vibrations  of  gross  matter  are  neces- 
sary to  give  sufficient  intensity  of  impulse  to  produce  the  phenomena 
of  ordinary  radiant  heat.  Also,  since  the  light  is  much  increased  by 
the  same  process,  we  would  infer  that,  by  means  of  the  solid,  the 
vibrations  constituting  heat  are  actually  converted  into  those  which 
produce  the  phenomena  of  light.  The  whole  subject  is  worthy  of 
further  investigation,  both  in  a  practical  and  abstract  sdentific  point 
of  view. 


5.  On  our  Sense  op  the  Vertical  and  Horizontal,  and  on 
OUR  Perception  op  Distance.  By  Lieutenant  E.  B.  Hunt, 
U.  S.  Corps  of  Engineers. 

Phenomena  are  often  unobserved,  or  difficult  of  analysis,  by  rea* 
son  of  their  connection  with  our  habitual  acts  of  consciousness.  Con- 
clusions derived  from  a  lifelong  experience  of  our  particular  conditions 
of  existence,  are  practically  ranked  as  intuitions.  From  infimcy  on- 
wards, each  waking  moment's  perceptions  go  to  impress  these  condi- 
tions upon  us  as  almost  of  absolute  necessity.  Our  relations  to  space 
and  to  the  earth,  m  their  external  or  apparent  form,  are  so  incessantly 
subjects  of  our  consciousness,  that  we  come  to  regard  them  without 
special  consideration  or  question.  As  a  mind  which  has  spent  its 
habitual  energies  in  pursuing  Analytical  Geometry  conceives  eo- 
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ordinate  axes,  almost  as  matters  of  course,  in  every  investigation,  so 
do  we  all,  habitually  experiencing  the  action  of  gravitation,  come  to 
consider  its  influence,  our  up  and  down,  our  horizon  and  our  general 
geometrical  circumscription,  essentially  as  matters  of  course,  as  in- 
tuitional perceptions,  and  as  subjects  with  which  reason  has  little  con- 
cern. It  is  doubtless  true,  however,  that  we  acquire  such  fundamental 
ideas  from  continuous  experience,  just  as  positively  as  we  do  any 
other  elements  of  our  practical  knowledge. 

Our  ideas  of  the  vertical  and  horizontal,  and  our  sense  of  distance, 
have  thus  become  so  firmly  established  by  our  lifelong  experience, 
that  their  origin,  antecedent  to  our  philosophizing  exercise  of  reason, 
has  become  much  obscured.  Yet  they  are  clearly  capable  of  rational 
analysis,  and  their  component  elements  can  be  made  subjects  of  ex- 
periment and  variation.  As  introductory  to  some  observations  of  this 
nature  which  I  have  made,  I  will  present  such  general  views  as  these 
and  other  experiences  have  suggested. 

The  vertical  and  horizontal  are  our  habitual  co-ordinate  axes  of  ex- 
ternal geometrical  perception.  Always  ourselves  at  the  origin  of  co- 
ordinates, we  refer  objects  seen  to  their  respective  positions,  by  an 
instantaneous  perceptive  location,  relative  to  these  axes.  We  com- 
bine a  mental  estimate  of  distance  with  an  angular  reference  to  the 
vertical  and  horizontal  axis  and  plane.  In  the  horizontal  plane,  our 
perceptive  usage  seems  to  be  to  refer  to  a  central  line  in  our  field  of 
view  by  angular  co-ordinates.  When  we  attempt  to  embrace  the  en- 
tire horizon  in  our  mental  sweep,  we  for  the  most  part  refer  objects  to 
the  north  and  other  compass  lines.  This,  however,  is  a  more  delib- 
erate process,  and  our  consciousness  of  its  steps  is  comparatively 
complete. 

In  the  attempt  to  define  the  sources  of  our  perception  of  the  hori- 
zontal and  vertical,  two  stages  of  causation  have  occurred  to  me  as 
chiefly  concerned  in  its  formation. 

The  first  of  these  depends  on  our  sensibility  in  each  part  of  the 
body  and  limbs  to  the  action  of  gravitation, — an  obscure  physiological 
sensation  of  weight  and  pressure  in  a  particular  direction  throughout 
the  sensitive  components  of  our  bodily  frame,  —  a  sensation  which  ia 
probably  greatly  dependent  on  the  circulating  fluids.  A  specific  dif- 
ference of  sensation  notifies  us  of  the  precise  inclination  of  each  por- 
tion of  our  system,  and  could  we  be  blindfolded  and  sustained  in  any 
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position  in  the  air,  without  any  distinct  consciousness  of  a  point  of 
suspension,  we  should  probably  still  have  a  clear  perception  of  the 
vertical  at  any  instant  But  in  our  ordinary  position  of  observation, 
the  body  notifies  us  of  the  riightest  variations  of  direction  ia  the  gravi- 
ty  action  on  each  of  its  parts,  and  in  the  act  of  running  down  hill 
over  rough  ground,  or  on  points  of  rock,  it  is  particularly  apparent 
how  extremely  delicate  is  this  appreciation.  In  this  exercise,  our 
ability  to  combine  the  appreciations  of  ground  inequalities,  of  our 
forward  and  downward  inertia,  of  the  force  of  gravity,  and  of  that 
diminution  of  efiective  gravity  due  to  the  increasing  rapidity  of  bodily 
descent,  quite  suffices  to  make  us  wonder.  This  diminution,  as  I 
have  repeatedly  observed,  when  starting  the  rapid  run  down  hill,  sub- 
tracts much  from  the  force  or  shock  of  the  footfalls.  The  skill  of  jug- 
glers in  balancing  poles,  dz«.,  and  that  of  rope-dancers  in  self-balancing, 
are  illustrations  of  the  same  gravity  sensibility.  When  we  consider 
the  unconscious  skill  of  the  fingers  of  the  pianist  or  compositor,  and 
that,  in  all  habitual  muscular  acts,  the  tendency  is  to  a  mechanical  or 
quasi  involuntary  action,  it  will  not  seem  singular  that  our  continuous, 
lifelong  perceptions  of  gravitation  in  all  our  sensitive  parts  should 
assume  an  obscure  or  latent  form  in  our  minds,  which  would  cause  all 
its  results  or  effects  to  seem  intuitional  I  ascribe  that  sense  of  the 
vertical  within  the  limits  of  the  body,  whence  we  pass  to  an  acquaint* 
ance  with  the  same  in  the  external  worid,  entirely  to  this  trained 
gravity  sensibility.  In  the  remarkable  case  of  John  Metoalf,  who^ 
though  blind,  was  long  and  successfully  employed  in  locating  new 
roads  over  Deii>3rshire  Peak,  this  gravity  sensibility  must  have  be* 
come  particulariy  acute,  as  to  this  only  could  his  skill  be  fundamen- 
tally ascribed. 

The  second  causal  stage  in  our  perception  of  the  horizontal  and 
vertical  in  the  external  worid,  will  be  found  to  be  chiefly  visual.  The 
testimony  of  the  body  to  the  direction  of  gravitation  makes  us  aware 
of  the  angle  between  the  vertical  and  the  optic  axes,  by  reascm  of  the 
permanent  organic  relation  between  the  body  and  these  axes.  In  our 
ordinary  or  erect  position,  the  mean  of  this  angle,  or  its  value  when  a 
perfect  muscular  equilibrium  prevails,  is  a  right  angle,  and  any  de- 
parture from  this  mean  is  indicated  by  the  sensations  of  the  various 
muscles,  which  cause  the  elevation  or  depression  of  the  optic  axes. 
Thus  our  sensations  alone  suffice  to  indicate  to  us  the  vertical  and  a 
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Visual  hoTizon  perpendicular  to  it ;  and  these  aensations,  checked  and 
verified  by  a  lifelong  experience,  acquire  an  accuracy  of  indication 
which  would  hardly  be  anticipated.  To  these  sensational  co-ordinates 
ire  spontaneously  refer  all  external  objects.  There  is  very  much,  also, 
in  our  ordinary  perspectives  to  suggest  and  indicate  the  true  horizon. 
Water,  as  the  broad  sheet,  the  winding  river,  and  the  tumbling  brook, 
level  bottom-lands  and  broad  prairies,  continuous  hill-crests  and  iso- 
lated knolls,  either  directly  present  horizontal  planes,  or  give  such 
logical  indicadons  of  them  as  the  escperienced  eye  can  readily  inter- 
pret, BO  as  to  derive  with  much  accuracy  a  true  general  horizon.  In- 
deed, we  seem  never  to  look  over  an  extended  view  without  almost 
instantty  defining,  with  more  or  less  precision,  our  supposed  horizon. 
Our  previous  experience  from  travelling  over  ground,  doubtless,  enters 
directly  in  our  definite  location  of  this  mental  horizon.  Are  we  in  a 
valley,  we  pass  our  horizon  under  most  of  the  objects  seen.  Are  we 
in  a  middle  point  of  view,  we  pass  it  in  a  mean  position.  Are  we 
on  a  hiH-top,  we  pass  it  tangent  to  the  general  sweep  of  the  land- 
scape. Thus  experience  is  made  to  check  and  qualify  the  sensational 
indications,  and  we  fix  our  horizon  by  a  compound  act  of  sensation 
and  judgment  from  past  experiences. 

In  our  mental  estimate  of  distance,  which  we  habitually  make  for 
all  objects  seen  in  perspective,  there  is  doubtless  a  kindred  combina- 
tion of  sensational  and  reflective  elements.  Sensation  gives  us  a 
direct  measure  of  distance  for  objects  near  at  hand,  while  for  remote 
objects  the  element  of  judgment  enters.  Our  normal  vision  being 
binocular,  the  distance  between  the  optical  centres  of  the  two  eyes  be- 
comes a  base  line  of  constant  length,  to  which  all  external  distances 
are  referred  with  a  precision  constantly  decreasing,  both  outwards  and 
inwards  from  the  interior  limit  of  distinct  vision.  The  convergence  of 
the  optic  axes  on  each  external  object  is  a  direct  result  of  voluntary 
muscular  action,  and  its  particular  value  is  indicated  by  a  specific  sen- 
-  sation  in  the  eyeball  muscles.  Thus  the  third  dimension  of  perspec- 
tive is  directly  represented  by  a  sensation  connected  with  the  perceiv- 
ing eyes,  and  adjacent  distances  are  referred,  by  a  real  triangulation, 
to  the  interocular  base  line.  Being  thus  sensationally  advised  of  the 
distances  of  objects,  as  far  as  this  base  continues  to  be  an  appreciable 
quantity  relative  to  the  perspective  distances,  we  have,  as  it  were,  a 
considerable  circle  around  us,  within  which  we  perceive,  with  an 
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accuracy  diminishmg  with  distance,  the  absolute  nearness  or  remote- 
ness of  objects.  From  the  distances  thus  known,  we  pass  on  by  an 
act  of  comparison  or  judgment  to  those  of  more  remote  objects,  where 
the  direct  sense  of  distance  fails  us.  Here,  too,  as  for  near  objects, 
we  doubtless  receive  some  aid  from  the  conscious  focalization  of  the 
eye,  and  from  the  gradation  in  the  clearness  of  definition  of  outlines. 
All  our  experience  in  appreciating  distances,  gained  by  travelling  over 
ground  and  checking  our  estimates  by  actual  comparison,  also  invol- 
untarily comes  to  our  aid.  Our  knowledge  of  the  ordinary  or  absolute 
sizes  of  the  various  classes  of  objects  seen  will,  besides,  greatly  affect 
our  rational  estimates  of  distances.  Thus  sensation  gives  a  foothold 
on  perspective  distances ;  comparison,  or  a  species  of  continued  sec- 
ondary triangulation,  extends  our  visual  scope ;  and  experience  brings 
in  the  judgment  to  correct  false  estimates.  If  this  view  be  correct, 
monocular  vision  should  be  much  less  accurate  than  binocular,  in  the 
estimation  of  distances  near  at  hand.  The  lack  of  the  interocular 
base  would  make  the  process  of  perspective  gaugmg  almost  exclu- 
sively an  act  of  judgment.  The  only  sensational  element  in  the 
former  would  be  that  of  a  conscious  focalization  of  the  eye,  which 
could  hardly  be  of  much  importance.  Thus,  I  should  conclude  that 
persons  with  only  a  single  effective  eye  would  be  bad  judges  of  dis- 
tances, especially  among  near  objects.  How  the  fact  stands,  I  have 
had  no  means  of  ascertaining. 

I  will  now  instance  a  few  observations  or  experiences,  tending  to 
confirm  the  general  views  now  presented. 

1.  In  passing  around  a  particular  curve  of  the  railroad  from  Wor- 
cester to  Boston,  I  have  twice  observed  that  the  whole  landscape  on 
the  concave  side  seemed  to  dip  strongly  towards  the  southeast,  while, 
from  the  adjoining  views  and  the  position  relative  to  the  ocean,  I  am 
satisfied  that  the  real  dip  could  not  be  nearly  so  great  as  the  appar- 
ent. This  I  conceive  to  result  from  a  composition  in  the  body,  of  the 
centrifugal  action  with  gravity,  which  inclined  the  sensible  vertical 
from  the  curve  centre,  and  so  apparently  lifted  the  sensible  horizon, 
or  depressed  the  actual  ground  relative  to  the  same.  This  instance 
seems  to  show  clearly  the  dependence  of  our  horizon  on  our  gravity 
sensibility. 

2.  From  the  summit  of  Crow  Nest,  the  mountain  just  north  of  West 
Point  on  the  west  bank  of  the  Hudson,  the  view  southward  presents 
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two  distinct  reaches  of  the  river  in  the  same  glimpse,  which  seem  en- 
tirely separate  bodies  of  water,  by  reason  of  a  mountain  spur,  which 
severs  all  apparent  connection  at  a  distance  of  some  six  miles. 
From  the  height  of  over  twelve  hundred  feet,  you  look  down  on  the. 
river,  not  more  than  a  mile  distant,  and  can  readily  fancy  this  por- 
tion an  elongated  lake  embosomed  in  granite  hills.  Some  fifteen 
miles  below,  a  second  apparent  lake  is  seen,  and  this,  despite  your 
knowledge  that  it  is  a  lower  part  of  the  same  river,  seems  elevated 
above  the  water  beneath  you,  by  perhaps  two  hundred  and  fifty  feet. 
This  illusion  is  due,  I  conceive,  to  a  dip  in  the  apparent  southern 
horizon,  caused  by  our  not  appreciating  the  elevation  of  our  point  of 
view  relative  to  the  hill  ranges  over  which  we  look,  and  so  passing 
our  horizon  too  low  among  the  South  Highland  peaks.  The  boldness 
of  the  south  face  of  Crow  Nest  hides  that  side  from  view  when  on  the 
lop,  and  so  makes  us  think  the  summit  of  view  lower  than  it  really  is. 
Indeed,  from  a  point  some  two  hundred  feet  lower  on  the  river  face, 
the  height  above  the  river  seems  greater  than  from  the  summit,  proba- 
bly because  you  there  see  the  whole  connecting  slope.  Thus  in  pass- 
ing our  visual  horizon  as  a  kind  of  general  tangent  plane,  we  give  it  a 
south  dip  which  seems  to  lift  the  distant  water.  This  illustrates  the 
power  of  our  general  visual  habit  over  our  gravity  sensibility  and  our 
distinct  knowledge. 

3.  From  Jones's  Hill,  which  forms  the  west  bank  of  that  Sleepy 
Hollow  where  the  exemplary  Ichabod  Crane  achieved  immortal  fame, 
the  west  view  embraces  a  general  slope  of  three  fourths  of  a  mile  to 
the  Hudson,  then  the  broad  Tappan  Sea,  and  the  west  bank  beyond, 
half  palisades  and  half  highlands.  On  a  quiet  afternoon  of  the  last 
year,  I  there  saw  a  thick  fog  so  drape  the  west  bank  as  wholly  to  hide 
it  from  view,  yet  leaving  the  east  bank  and  about  half  of  the  river  in 
full,  clear  sight  The  fog  looked  extremely  sky-like,  and  shut  down 
in  a  clear  line  on  the  water.  When  I  simply  looked  sensationally  on 
this  scene,  the  lower  fog-line  on  the  water  seemed  like  a  distant  water 
horizon,  and  all  above  seemed  but  a  cloudy  sky.  So  strong  was  this 
impression,  as  not  to  be  essentially  impaired  by  seeing,  half  buried  in 
the  fog,  the  sails  of  a  river  sloop,  which  looked  as  if  resting  in  the 
cloud-sky.  This  illusion  seemed  to  lift  the  hill  on  which  I  stood  to  a 
height  greatly  exceeding  its  actual  elevation.  The  strong  likeness  of 
the  fog-boundary  to  a  sea-horizon  rotated  the  apparent  horizon  so  as 
11 
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to  make  it  dip  much  below  the  real  one  towards  the  west,  thus  over- 
coming both  my  gravity  sensibility  and  a  familiar  knowledge  of  the 

locality. 

4«  A  few  weeks  since,  in  the  early  morning,  when  standing  on  the 
bow  of  a  sail-boat  in  Newport  harbor,  I  observed,  during  a  thick  fog, 
a  singular  apparent  distortion  of  the  water  surface.  The  boat  seemed 
to  rest  in  a  bowl  or  hollow  of  water,  some  four  rods  in  radius.  This 
bowl  seemed  bounded  by  a  gently  curved  swell,  which  ran  tangent  to 
the  apparent  remote  horizon.  Thus  the  water  around  me  seemed 
some  four  or  five  feet  lower  than  the  horizon  water.  This  appear- 
ance I  suppose  to  have  resulted  from  the  fog-line  along  the  water 
looking  like  a  dim  distisint  horizon,  and  thus  bringing  the  apparent 
limiting  horizon-circle  much  too  near.  This  would  make  the  apparent 
horizon  dip  below  the  true,  and  would  thus  give  a  false  apparent  level 
to  the  water  as  far  in  as  to  that  point  where  in  looking  down  on  it  the 
true  level  could  be  distinctly  seen.  The  true  and  illusive  levels 
seemed  joined  by  a  curved  swell,  the  curve  evidendy  depending  on 
the  height  of  the  eye  and  the  density  of  the  fog.  This  observation, 
like  the  preceding,  illustrates  the  power  of  our  idea  of  a  water- 
horizon. 

5.  If  we  observe  the  moon  when  a  little  above  the  horizon,  we  can 
prove,  by  the  simple  act  of  shading  with  the  hand  all  objects  below 
the  moon,  that  its  apparent  enlargement  is  in  great  part  caused  by  our 
perception  of  intervening  objects,  magnifying  our  idea  of  its  distance. 
The  disc  thus  seen  isolated  over  the  forefinger  seems  at  once  to  un- 
dergo a  striking  contraction  in  apparent  size.  On  dropping  the  hand, 
the  moon  seems  again  rapidly  to  enlarge,  as  intervening  objects  are 
seen.  This  maskmg  of  the  terrestrial  horizon  does  not,  I  think,  re- 
duce the  apparent  size  quite  to  that  of  the  meridian  moon,  but  it  does 
not  lack  much  of  this  result.  It  may  be  observed,  too,  that  where  we 
see  the  sun  or  moon  through  a  forest,  especially  when  travelling  in  a 
railroad  car,  they  seem  remarkably  dilated,  and  when  we  are  flitting 
along  in  a  train  they  seem  to  be  bounding  along  a  parallel  road,  some 
miles  off,  like  monstrous  fire-balls.  The  great  number  of  intervening 
branches  and  trunks  is  obviously  the  direct  cause  of  this  illusion. 
This  reasoning  applies  directly  to  explaining  the  apparently  ellip- 
soidal  form  of  the  sky  dome.  Seeing  along  the  ground  many  objects 
on  which  the  binocular  or  perspective  sensibility  fastens  to  elaborate 
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the  sense  of  distance,  the  horizontal  axes  become  much  elongated  in 
appearance,  while  the  vertical  axis,  having  no  intervening  objects  to 
aid  in  its  apprehension,  is  seemingly  shortened.  That  the  cause  sug* 
gested  by  Euler,  or  the  greater  absorption  of  light  by  its  more  oblique 
transit  through  the  strata  of  vapor  near  the  horizon,  may  aid  this  effect, 
is  highly  probable. 

6.  I  was  once  of  a  party  to  observe  Saturn  through  the  West  Point 
equatorial,  when  the  several  persons  observing,  on  stating  their  im* 
pressions  of  the  planet^s  apparent  size,  were  found  to  range  in  their 
estimates  between  the  size  of  an  orange  and  that  of  a  cart-wheel.  In 
this  case  the  lack  of  all  perspective  aids  makes  the  visual  angle  the 
sole  index  of  size,  except  perhaps  the  obscure  sense  of  focalization  in 
the  eye,  for  the  vision  of  instrumental  pencils,  when  not  parallel  in 
their  final  emergence.  Hence  the  utter  vagueness  of  all  estimates  of 
apparent  size,  which  must  depend  on  a  baseless  imagination  as  to  the 
distance  of  the  object. 

7.  hi  sailing  on  Boston  harbor,  I  have  twice  seen  the  phenomena 
of  diverging  and  converging  rays,  or  what  is  commonly  called  ^^  the 
sun  drawing  water,"  both  towards  the  sun  in  the  west  and  towards  the 
point  symmetrically  below  the  horizon  in  the  east.  Clear  as  it  ration- 
ally was,  that  these  two  ray  systems  were  but  the  opposite  perspective 
views  of  the  same  parallel  beams  of  light  through  the  air,  I  could  not 
by  any  efibrt  make  them  seem  so  sensationally.  The  opposite  ray 
systems  would  not  blend  and  look  connected.  The  visual  thinning  of 
each  beam  near  the  perpendicular  made  the  connection  wholly  invisi- 
ble, and  so  completed  the  illusory  projection  of  the  beams  on  the  sky- 
dome.  Hence,  too,  an  apparent  widening  of  each  beam,  as  it  receded 
from  the  sun  or  the  opposite  point  of  convergence.  This  whole  ap- 
pearance is  an  instance  of  the  complete  subjection  of  the  mental  to  the 
apparent  or  pictorial. 

8.  The  decided  power  of  the  two  eyes  to  determine  visible  dis- 
tances by  the  convergence  of  their  axes  was  strikingly  shown,  in  ob- 
serving from  within  a  room  in  New  York  the  reflection  of  a  gas-burner 
globe  from  the  street  window,  during  the  decline  of  daylight.  When 
looking  with  both  eyes,  this  reflection  seemed  established  firmly  just 
hy  a  branch  of  a  street  tree,  some  ten  feet  outside  the  window.  By 
shifting  position,  this  branch  seemed  to  pierce  the  globe,  to  be  within 
or  without  it,  all  strictly  according  to  distance.     But  on  closing  one 
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eye,  I  found  it  easy  to  transfer  the  image  entirely  across  the  street,  by 
a  mere  exercise  of  imagination.  When  using  but  one  eye,  the  rigid 
stability  of  the  binocular  image  was  entirely  gone,  and  the  apparent 
distance  seemed  almost  to  become  the  obedient  subject  of  direct  voli- 
tion. 

9.  If,  in  looking  over  a  landscape,  we  bring  the  line  of  the  two  eyes 
into  a  vertical  position,  by  lying  down  on  the  ground  or  otherwise, 
the  scene  will  be  found  to  undergo  some  remarkable  changes.    Hills 
will  seem  to  recede  into  the  distance,  and  thus  become  mountains. 
The  perspective  will  be  found  to  lose  much  of  its  relief,  and  we  shall 
rather  seem  to  be  looking  at  a  picture  on  a  huge  panoramic  canvas, 
than  on  an  actual  receding  perspective.     If  we  observe  thus  steadily 
for  some  time,  our  sense  of  the  horizon  becomes  much  impaired,  and 
a  strange  whimsicality  of  aspect  results.     In  so  looking  over  a  sheet 
of  water  from  three  to  twenty  miles  in  breadth,  I  have  noticed,  not 
only  that  all  the  opposite  banks  seem  about  equally  remote,  but  that 
there  was  the  same  apparent  hollowing  of  the  near  water  as  men- 
tioned  in  the  case  of  fog  on  the  water,  especially  in  the  line  of  the 
nearest  opposite  land.    By  bringing  both  eyes  into  the  same  vertical, 
the  interocular  base  evidently  becomes  nullified  for  distance-gauging 
in  the  horizontal  plane.     Hence  a  loss  of  discrimination  in  these  dis- 
tances, and  a  general  averaging  in  our  estimation,  which  removes  the 
near  objects  and  so  causes  the  apparent  hollowing  of  the  water.     Ob- 
jects seem  to  recede  to  one  general  cylinder  around  you,  and  the  per- 
spective perception  is  exceedingly  impaired.     The  case  thus  becomes 
almost  one  of  monocular  vision.      The  study  of  these  changes  in 
scenery  by  a  simple  rotation  of  our  interocular  base,  is  highly  inter- 
esting and  attractive.    It  shows  not  only  the  influence  of  this  base  in 
forming  our  perspective  distribution  of  distances,  but  that  our  sense  of 
the  horizon  is  very  dependent  for  its  firmness  and  precision  on  our 
gravity  sensibility  in  the  ordinary  erect  position. 

,  Various  other  facts  illustrative  of  the  general  views  presented  might 
be  instanced,  but  the  above  must  now  suffice. 
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6.  Impkovements  in  the  Electric  Telegraph,  whereby  two  or 
MORE  Terminal  Stations  can  make  Simultaneous  Use  of  the 
SAME  Wire.     By  Moses  G.  Farmer,  of  Boston. 

It  is  well  known  that  there  are  two  principal  systems  of  Electric 
Telegraph  in  use  in  this  country,  commonly  known  as  the  "  Morse  " 
and  "  House  "  systems. 

The  Morse  system  communicates  intelligence  through  electro-mag- 
netic apparatus,  by  the  operation  of  breaking  and  closing  an  electric 
circuit  at  unequal  intervals  of  time. 

The  House  system,  by  means  of  electro-magnetic  and  other  appara- 
tus, transmits  information  by  means  of  a  type  or  letter  wheel,  so  as  to 
exhibit  or  print  any  particular  letter  at  pleasure,  which  is  easily  done 
by  appropriate  mechanism. 

Any  number  of  machines,  of  either  kind,  may  receive  intelligence 
simultaneously  in  different  parts  of  an  electric  circuit,  but  only  one  of 
the  machines  can  be  employed  at  one  and  the  same  time  in  transmit- 
ting. A  combination  of  the  two  systems,  however,  can  be  so  arranged 
that  the  same  conductor  shall,  for  all  practical  purposes,  serve  for  the 
simultaneous  transmission  of  different  messages,  as  follows. 

Suppose  that,  at  right  angles  to  the  axis  of  the  type- wheel  in  the  House 
Telegraph,  a  slender  spring  be  attached ;  and  suppose  the  outward  ex- 
tremity of  this  spring,  as  it  revolves,  to  come  into  contact  with  twenty- 
eight  concentrically  arranged  and  separately  insulated  metallic  seg- 
ments ;  and  that  to  each  of  these  segments  a  wire  is  attached  and 
connected  with  one  pole  of  a  complete  set  of  the  Morse  apparatus, 
while  the  other  pole  of  the  Morse  apparatus  is  in  connection  with  the 
earth  in  the  usual  manner.  There  will  then  be  twenty-eight  Morse 
instruments  successively  brought  into  metallic  connection  with  the 
axis  of  the  type-wheel  by  its  rotation,  and  the  consequent  rotation  of 
the  slender  spring  above  mentioned. 

Suppose  the  apparatus  above  described  to  be  located  in  Boston,  and 
anotiier  set,  its  exact  counterpart,  to  be  placed  in  New  York ;  the  two 
House  machines  being  connected  by  a  wire  in  the  usual  way,  and 
having  besides  an  additional  wire  supplied  with  a  battery,  and  connect- 
ing the  axis  of  the  type-wheel  in  the  Boston  machine  with  the  axis  of 
the  type-wheel  of  the  machine  in  New  York. 
11* 
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If  now  the  two  type-wheels  be  adjusted  together,  and  made  to  re- 
volve  in  the  usual  manner,  whenever  the  slender  springs  of  the  two 
machiDes  are  simultaneously  upon  their  similar  segments,  say  the 
A  segments,  the  Morse  machine  a  at  Boston  will  be  in  metallic 
connection  with  the  Morse  machine  a  in  New  York,  by  means  of 
the  common  wire  connecting  the  axes  of  the  type-wheels,  the  seg- 
ments, and  the  springs  in  the  two  machines.  Thus  by  the  synchro- 
nous revolution  of  the  two  type-wheels,  the  twenty-eight  machines  at 
Boston  will  be  successively  and  independently  in  connection  with  the 
twenty-eight  machines  in  New  York  once  in  each  revolution ;  and 
could  there  be  twenty  revolutions  of  the  type-wheels  per  second,  each 
Morse  machine  would  make  almost  a  continuous  line,  which  could  be 
broken  up  into  groups  of  shorter  and  longer  lines,  or  fewer  or  more 
dots  in  a  group,  the  same  as  is  now  done  with  the  continuous  line  in 
the  Morse  system.  It  would  perhaps  not  be  advisable  or  necessary 
to  endeavor  to  work  as  many  as  twenty-eight  instruments  by  means  of 
two  wires,  but  that  four  at  least  can  be  so  worked  I  demonstrated  by 
actual  experiment  at  Boston,  on  one  of  the  circuits  of  the  Fire  Tele- 
graph, June  22d,  1852,  in  the  presence  of  a  number  of  scientific  gen- 
tlemen. 

Whether,  upon  a  long  line  of  telegraph,  the  signal  which  was  sent 
out  upon  say  the  A  segment  of  one  apparatus,  might  not  arrive 
at  the  B  segment  of  the  other  apparatus,  owing  to  the  rotation  o{ 
the  type-wheels,  and  the  time  necessary  for  the  electric  wave  to  pass 
the  wire,  is  a  question  which  I  cannot  answer  from  experiment ;  it  un- 
doubtedly would  were  the  wire  sufficiently  long,  or  the  rotation  of  the 
wheels  sufficiently  rapid,  in  reference  to  the  velocity  of  the  wave 
transmission  ;  and  there  is  no  doubt  that  currents  might  be  sent  from 
the  difierent  segments,  some  in  one  direction  and  some  in  the  other, 
and  yet  be  received  at  the  proper  segment  at  the  distant  station.  I 
hope  to  make  further  experiments  with  the  apparatus  shortly,  the  re- 
sults of  which  may  throw  new  light  on  the  phenomena  of  transmis- 
sion in  the  electric  wave. 

The  above  sketch  embraces  the  principles  of  an  invention  for  which 
letters  patent  were  granted  me,  March  29th,  1853. 
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7.  On  -AN  Index  of  Papers  on  Subjects  of  Mathematical  and 
Phtsical  Science.  By  Lieutenant  E.  B.  Hunt,  U.  S.  Corps 
of  £ogmeers. 

The  history  of  science  exhibits  a  continual  tendency  towards 
specialization*  The  sphere  of  each  laborer  becomes  more  and  more 
limited  as  the  area  of  research  is  expanded  and  distributed  into  well- 
defined  specialities.  The  same  thing  is  observable  in  scientific  re- 
search, which,  in  the  mechanical  and  chemical  arts,  is  familiarized 
under  the  name  of  suhdivision  of  lahor.  The  same  advantages  and 
disadvantages  of  the  specializing  tendency  are  equally  observable  in 
the  domains  of  science  and  of  manufactures.  The  restriction  of  in- 
vestigation and  of  industry  to  limited  fields  of  exercise,  has  the  effect 
to  produce  the  highest  skill  within  those  fields,  at  the  price  of  narrow- 
ness of  conception  and  privation  of  power  concerning  all  other  spheres 
of  action  and  research.  The  man  whose  life  is  spent  in  heading  pins, 
becomes  almost  pretematurally  skilful  in  the  manipulations  of  that 
manufacture ;  but  this  man,  in  any  other  sphere  of  industry,  is  a 
blunderer  and  a  bigot.  So,  too,  the  man  of  science  who  assiduously 
cultivates  a  chosen  speciality  becomes  therein  pre-eminent,  but  in  so 
doing  he  is  in  great  danger  of  losing  his  grasp  on  those  generalities 
which  transcend  his  particular  field,  and  of  becoming  not  only  im- 
potent, but  bigoted,  relative  to  those  branches  of  research  which  he  has 
not  pursued.  As  the  microscopist  restricts  his  field,  but  intensifies  his 
vision  within  that  field,  so  the  cultivation  of  a  speciality  withdraws 
ioto  a  single  study  the  diffused  powers  of  the  original  mind.  The 
microscopist  and  the  specialist  find  the  same  difficulty  in  seeing  the 
parts  in  their  relations  to  the  whole. 

No  problem  is  more  important  to  the  scientific  investigator,  than 
that  of  rightly  co-ordinating  his  general  and  special  culture.  If  gen- 
eralization too  largely  prevail,  his  life  will  probably  be  exuberant,  but 
fruitless.  If  a  speciality  absorbs  all  his  powers,  there  will  be  abun- 
dance of  ignoble  and  innutritions  fruit.  If  he  knows  how  properly  to 
combine  the  general  and  the  special,  he  is  likely  to  bear  such  rich  and 
lasting  fiuit  as  has  made  the  names  of  Newton  and  Leibnitz,  Euler 
and  Lagrange,  Cuvier  and  Agassiz,  and  all  of  this  illustrious  kindred, 
such  unfailing  sources  of  strength.    The  power  to  generalize  and  the 


MATHEMATICS   AND   PHYSICS, 

128 

oeciaiize  must  coexist  in  the  true  magnate   of  science. 

P^^^  ^jjy  be  done  by  men  strong  in  either,  but  not  the  great- 

^°  tinjoever  neglects  general  culture  in  his  eager  pursuit  of  the 

^^  aJ  harms  his  own  nature.     It  may  be  said,  that  power  in  speciali- 

^-^ can  only  thus  be  attained  ;  that  specialist  devotees  are  essential  to 
the  progress  of  science ;  that  science,  like  another  Juggernaut,  de- 

ands  the  sacrifice  of  the  man  himself  to  his  chosen  pursuit.     Who- 

ver  thus  reasons  has  abready  sacrificed  his  humanity  to  his  speciality, 
and  is  but  shouting  the  praises  of  Brahma.  Nor  is  it  easy  to  adopt  a 
theory  of  scientific  castes  which  would  make  of  the  specialists  a  lower 
and  necessary  grade,  whose  business  it  is  to  gather  materials  for  the 
generalizing  noble  to  arrange  in  their  true  order  around  some  latent 
principle  which  he  alone  is  privileged  to  see.  That  some  minds  are 
thus  noble  by  nature  and  by  training  is  certain  enough,  but  it  is  hard 
to  believe  that  many  who  could  be  of  any  assistance  as  specialists 
cannot  also  do  some  part,  however  small,  as  the  generalizers  of  their 
own  field  and  of  its  relations  to  others. 

The  present  age  of  science  may  with  great  propriety  be  called  the 
monographic  age.  We  have  reached  that  period  when  every  subdi- 
vision of  research  needs  to  be  presented  in  the  form  of  a  monograph. 
While  it  is  still  possible  for  the  student  of  any  single  subdivision  to 
pursue  it  in  all  the  original  papers  treating  thereon,  it  is  quite  impos- 
sible for  the  investigator  of  a  more  extended  area  to  study  the  con- 
tained and  related  subjects  in  their  whole  range  of  original  papers. 
To  him  it  is  quite  essential  that  the  various  subdivisions  of  research 
should  each  be  digested,  by  thorough  masters,  of  their  component  con- 
tributions, and  brought  out  in  their  orderly,  well-balanced  proportions. 
The  true,  the  proven,  the  mature,  has  need  to  be  separated  by  adept 
monographers  from  the  false,  the  speculative,  and  the  crude.  The 
contributions  of  many  successive  investigators,  each  tending  to  place 
their  common  speciality  on  higher  ground,  and  to  bring  it  out  in  more 
perfect  definition,  have  all  to  be  digested  by  one  who  is  qualified  to 
take  the  judicial  point  of  view,  and  to  use  aright  the  privilege  o{  mod- 
ems,  who,  as  Bacon  says,  are  the  ancients  of  knowledge. 

The  model  monograph  is  one  which  presents  the  known,  substantive 
facts  of  the  subject,  treated  in  their  natural  order  and  relations,  with  all 
attainable  clearness,  completeness,  and  brevity ;  and  which  gives  such 
an  insight  into  the  nature  of  all  original  memoirs  thereon,  as  will 
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enable  Investigators  to  recur  to  such  originals  as  may  be  important 
for  their  special  purposes.  Already  the  mathematical  and  physical 
sciences  have  hundreds  of  subjects  needing  to  be  monographed,  while 
comparatively  few  are  yet  so  adequately  presented  under  this  form  as 
not  to  need  either  a  new  monograph  or  a  revision  of  the  old.  The 
great  number  of  investigators  now  at  work  ;  the  late  remarkable  in- 
crease of  periodical  publications  and  memoirs,  devoted  to  scientific 
subjects ;  the  subdividing  or  fissiparous  tendency  of  modem  science, 
and  its  signal  proclivity  to  annex  fields  of  empirical  practice  and 
make  them  rational  or  strictly  scientific ; — these  and  other  causes  have 
thrown  nearly  all  the  provinces  included  within  the  present  domams  of 
science  into  the  precise  condition  to  need  the  services  of  well-furnished 
monographers. 

An  invaluable  result  of  such  a  presentation  of  these  subjects  would 
be  found  in  the  aid  which  investigators  would  thus  receive  towards 
keeping  up  theur  general  scientific  culture,  without  turning  too  much 
away  from  their  specialities.  There  seems  no  possible  way  by  which 
investigators  can  maintain  the  general  and  the  special  in  correct  and 
harmonious  relations,  except  by  means  of  an  ever-increasing  expansion 
of  their  monographic  aids.  As  the  realm  of  knowledge  goes  on  year- 
ly expanding,  and  steadily  growing  more  and  more  to  exceed  the  pos- 
sible grasp  of  any  one  mind,  this  need  of  a  direct  and  disembarrassed 
presentation  of  all  positive  results,  stated  as  far  as  possible  in  the  com- 
mon language  of  science,  will  become  continually  more  pressing.  It 
will  be  only  by  the  aid  of  monographs  of  various  degrees  of  generality 
that  the  entire  domain  of  science  can  henceforth  be  at  all  surveyed  by 
any  smgle  investigator.  The  narrowest  fields,  being  first  duly  digested 
into  monographs,  will  fumbh  the  materials  for  monographs  of  higher 
generality,  and  from  these,  step  by  step,  the  ascent  will  be  to  that  uni- 
versal monograph  which  shall  draw  within  its  compass  all  the  high 
generalities  of  the  great  epic  cosmos  in  which  science  will  attain  its 
far-off  final  consummation.  When  physical  science  becomes  thus 
organized  and  digested,  we  shall  no  longer  be  constrained  to  behold 
the  ardent  mind  borne  away  by  generalizing  speculations  beyond  all 
basis  of  fact,  or  the  far  more  revolting  arid  mind  cramped  within  a 
petty  speciality,  and  disdainfully  ignoring  all  the  vast  domain  of  vital 
generalities,  simply  because  it  transcends  its  own  dwarfed  and  grovel- 
ling comprehension.    The  only  worthy  type  of  scientific  mind  is  that 
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which  at  the  same  time  pursues  general  and  special  truth ;  which  can 
see  grand  generalities  underlying  the  minutest  phenomena,  and  which 
can  trace  in  the  loftiest  generalities  the  simple  convergence  of  an  in- 
finite series  of  kindred  special  phenomena.  The  entire  character  of 
the  active  investigating  mind  of  the  coming  generation  will  be  much 
influenced  by  this  monographic  tendency  and  need.  The  extent  to 
which  we  shall  digest  into  consistent  wholes  the  now  dispersed  and 
fragmentary  materials  on  a  long  array  of  subjects  in  mathematical 
and  physical  science,  will  almost  measure  the  prospective  prevalence 
of  that  just  union  of  the  generalizing  and  the  specializing  powers 
whence  alone  can  spring  a  true  progress  in  scientific  philosophy. 

The  views  now  presented  are  essential  preliminaries  to  a  full  un- 
derstanding of  the  bearings  and  workings  of  an  index  of  papers  on 
Mathematical  and  Physical  Science.  This  subject  is  one  which  the 
naturalists  have  better  appreciated  than  the  mathematicians  and  phys- 
icists. The  proof  of  this  will  be  seen  in  that  laborious  work  which 
the  genius  of  Agassiz  inaugurated,  and  which  presents,  in  four  octavo 
volumes,  the  titles  of  all  known  papers  on  natural  history  and  geology 
up  to  its  date.  These  titles  are  arranged  alphabetically  under  the 
names  of  their  authors,  as  is  probably  most  convenient  in  the  depart- 
ments included.  Natural  history  and  geology,  being  essentially  de- 
scriptive sciences,  are  less  fitted  for  the  classification  of  the  subjects 
included  than  the  more  abstract  or  logical  mathematical  and  physical 
sciences.  A  logical  arrangement  by  subjects,  at  least  for  natural  his- 
tory, will  scarcely  now  be  proposed  by  those  interested  ;  though  it  is 
possible  that  Englemann's  Bibliography  of  Natural  History,  which 
distributes  authors  alphabetically  under  a  limited  number  of  general 
heads,  may  yet  serve  as  a  model  for  indexing  papers  or  memoirs  in 
the  same  field. 

In  proceeding  to  examine  somewhat  the  subject  of  an  index  of  all 
original  papers  in  mathematics  and  physics,  it  may  be  well  briefly  to 
state  the  circumstances  which  have  led  me  to  consider  it.  As  an 
Assistant  in  the  Coast  Survey,  I  had,  on  several  occasions,  to  make 
special  investigations  in  which  it  was  desirable  to  examine  all  good 
relevant  authorities  and  original  memoirs.  How  to  do  this  was  the 
question.  To  range  over  series  after  series,  index  after  index,  from 
beginning  to  end,  would  surely  bring  to  light  all  such  papers.  But 
this  is  a  labor  of  truly  appalling  magnitude,  and  not  to  be  thought  of 
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for  each  minor  research.  It  only  remained  to  start  with  such  papers 
as  I  chanced  to  know  of,  or  could  find  hy  the  few  indexes  of  series  at 
my  command.  Then,  following  up  all  the  references  which  could  be 
gleaned  from  these  sources,  I  could  go  on  till  they  were  exhausted. 
By  that  time  any  man  of  moderate  patience  would  himself  be  ex- 
hausted, and  indisposed  to  beat  up  for  further  game.  Yet  what  guar- 
anty is  there  in  this  process  that  the  very  best  papers  may  not  entire- 
ly escape  one^s  knowledge  ?  I  found  from  experience  just  this  result ; 
nor  do  I  suppose  that  any  person  can  be  sure  of  having  examined  all 
those  printed  papers,  on  a  given  subject  of  physical  science,  which  are 
essential  to  a  full  comprehension  of  its  history  and  development.  He 
may  find  a  vast  deal  more  than  he  likes  to  read,  and  yet  leave  the 
best  of  all  unknown.  This  is  peculiarly  true  of  those  just  entering  on 
a  career  of  research.  Veterans  bear  in  their  memories  some  traces 
of  the  leading  papers  published  during  their  lifetimes,  on  all  subjects 
ever  likely  to  enlist  their  activity.  But  the  neophyte  has  no  such  aid, 
and  does  not  even  know  how  to  get  at  the  most  accessible  memoirs. 
A  great  loss  of  time,  in  turning  over  leaves  for  the  want  of  specific 
references,  is  common  alike  to  young  and  old.  Thus,  for  instance, 
when  1  wished  to  find  all  the  published  descriptions  of  automatic  tide- 
gauges,  I  spent  a  great  deal  of  time  to  find  what  could  be  read  in  five 
minutes,  and  am  by  no  means  confident  that  I  have  seen  the  best 
description  of  the  best  foreign  gauge.  Every  person's  experience 
must  abound  in  such  illustrations. 

I  did  not  many  times  repeat  this  experience  of  time  sacrifice  before 
seeing  the  advantage  of  making  this  search  for  materials  a  general 
one,  and  so  once  for  all  mustering  the  forces  which  were  likely  to  be 
needed.  I  was  thus  led  to  form  the  plan  of  a  systematic  examination  of 
all  the  principal  series  of  scientific  memoirs  and  periodicals,  for  the 
purpose  of  extracting  such  titles  of  papers  as  I  judged  proper  for  a 
special  index  on  subjects  directly  related  to  the  various  Coast  Survey 
operations.  This  project  met  the  hearty  approval  of  the  Superintend- 
ent, who  has  doubtless  experienced  its  need  more  than  any  other 
person.  He  authorized  my  proceeding  with  its  execution,  and  has 
famished  every  encouragement.  I  have  already  examined  consider- 
ably over  one  thousand  volumes  of  memoirs,  transactions,  scientific 
peiiodicals,  &c.,  and  it  is  my  expectation  to  advance  this  index  so  far 
as  to  permit  its  bemg  included  in  the  CoobX  Survey  Report  of  this  year 
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as  an  appendix.  It  will  be  impossible  for  me  to  exhaust  the  field,  but 
fortunately  a  supplement  can,  at  any  time,  be  added,  with  the  contri- 
butions of  succeeding  years,  in  which  omissions  from  the  first  index 
may  be  supplied.  This  index  will  be  arranged  by  means  of  a  detailed 
classification  under  subjects,  and  will  embrace  various  heads  of  interest 
to  cultivators  of  physical  science  at  large.  Though  the  principle  of 
selection  is  that  of  probable  use  in  the  Coast  Survey  operations,  the 
ground  covered  will  be  of  considerable  extent. 

Such  a  fragment  alone,  though  rather  laborious,  I  should  not  think 
worthy  to  bring  before  this  Association,  were  it  not  that  it  has  served 
to  indicate  a  far  more  catholic  plan,  and  one  which,  if  executed,  will 
prove  a  signal  benefaction  to  all  cultivators  of  mathematical  and  physi- 
cal science.  This  plan  is  simply  an  extension  of  the  one  already  de« 
fined,  so  as  to  arrange  itt  one  general  repository  all  titles  of  papers  on 
mathematical  and  physical  science.  The  ground  unoccupied  by  the 
index  of  Agassiz  and  his  collaborators  should  all  be  included,  so  as  to 
aggregate  in  the  two  works  references  to  all  scientific  researches. 
Engineering,  machines,  chemical,  mechanical,  and  artistic  technology, 
would  be  invaluable  additions,  and  should,  if  possible,  all  be  embraced. 
All  these  titles,  being  duly  extracted,  and,  when  necessary,  annotated, 
would  admit  of  classification  into  several  volumes,  each  containing  a 
connected  group  of  subjects,  so  that  every  investigator  would  find 
most  of  the  references  he  would  need  in  a  single  volume. 

It  was  to  somewhat  such  a  shape  that  this  plan  reduced  itself,  when 
I  came  to  confer  with  Professor  Henry  and  Professor  Baird  of  the 
Smithsonian  Institution.  In  the  programme  of  objects  proposed  to  be 
accomplished  by  that  Institution  is  included  a  project  of  this  very 
character.  Professor  Henry,  having,  as  he  declares,  found  particular 
advantages  from  using  the  Mathematical  and  Physical  Index  arranged 
by  that  clear-minded  philosopher.  Dr.  Thomas  Young,  on  a  somewhat 
similar  idea,  was  not  likely  to  forget  this  among  plans  for  the  increase 
and  difiusion  of  knowledge.  It  is  indeed  a  plan  for  rendering  accessi- 
ble the  knowledge  already  recorded,  and  as  such  eminently  deserves 
the  aid  of  that  Institution.  Were  the  work  done,  and  well  done,  the 
Institution  would  undoubtedly  undertake  its  publication.  But  done  it 
is  not,  and  the  question  is  how  to  accomplish  its  proper  execution. 
Could  I  have  commanded  my  own  time,  the  performance  of  this  task 
would  have  been  a  congenial  labor.    In  spite  of  that  precariousness  of 
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station  which  is  my  professioDal  prerogative,  I  was  much  inclined  to 
this  undertaking,  and  probably  should  have  begun  it  had  not  the  as- 
signment of  triple  public  duties  made  it  simple  folly  to  venture  it. 
Thus,  with  the  best  intentions,  I  am  obliged  to  forego  this  expectation, 
and  have  brought  the  subject  here  in  the  hope  that  some  one,  more 
favored  by  circumstances,  may  be  induced  to  undertake  so  needful  an 
enterprise.  I  will  gladly  lend  any  aid  in  my  power  to  any  one  who  is 
both  fit  and  willing  thus  to  work  for  the  good  of  science.  How  far 
assistance  and  compensation  might  be  allowed  by  the  Smithsonian  In- 
stitution in  the  execution  of  this  plan  is,  of  course,  not  for  me  to  say. 
From  the  real  value  of  the  proposed  work,  and  the  interest  felt  by  the 
Smithsonian  officers  in  its  accomplishment,  it  is  fair  to  infer  that  no 
reasonable  aid  would  be  denied  which  the  means  of  the  Institution 
would  authorize.  Its  valuable  collection  of  memoirs  and  transactions 
would  be  of  peculiar  value  in  this  connection. 

There  is  one  excellent  suggestion  for  which  I  am  indebted  to  Pro- 
fessor Baird.  This  is,  that  an  index  of  American  scientific  papers 
would  be  a  useful  and  proper  beginning  for  such  an  undertaking. 
The  exceedingly  scattered  and  anomalous  vehicles  through  which 
American  investigations  have  reached  the  present  time,  will  make 
this  portion  of  the  search  rather  peculiar,  and  it  is  on  this  account 
much  more  needful.  In  truth,  we  do  not  know  the  real  wealth  of  our 
own  science,  especially  those  of  us  who  are  young  in  such  pursuits. 
Europe,  too,  is  in  a  state  of  deplorable  ignorance  relative  to  our  inves- 
tigations ;  —  an  ignorance  which  has  considerable  excuse  too,  —  for 
how  can  we  expect  foreignera  to  ferret  our  science  from  Patent-Office 
or  Ckxist-Survey  Reports,  or  other  public  documents.  Regents*  reports. 
State  legislative  documents,  or  indeed  from  any  except  the  standard 
journals  and  the  volumes  of  memoirs.  Thus  there  are  very  good  rea- 
sons for  an  American  index  as  preliminary  to  a  general  one,  with 
which  it  could  be  regularly  incorporated. 

The  work  now  proposed  is  certainly  one  of  great  labor.  It  will 
require  several  years'  time,  and  an  examination  of  various  libraries  for 
its  completion.  Our  own  libraries  will  not  offer  all  the  materials 
needed  for  its  completeness.  English,  French,  German,  Dutch, 
Spanish,  Italian,  Hungarian,  Russian,  Swedish,  and  Latin  series  will 
need  to  be  ransacked  before  the  work  is  finished.  A  delicate  exercise 
of  judgment  in  accepting  or  rejecting  titles  will  be  required.  There 
12 
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will  be  sundry  questions  such  as  these :  Shall  any  anonymous  papers 
be  included?  Shall  papers  in  the  literary  magazines  be  selected? 
Shall  titles  be  given  in  full  and  literally,  or  cut  down,  modernized, 
translated,  or  annotated  ?  Shall  translations  be  included  ?  Shall  re- 
prints into  more  accessible  series  be  referred  to  ?  &c.  It  has  been 
my  practice  to  include  the  date  in  each  title,  and  to  give  the  limiting 
pages  of  each  memoir  as  an  indication  of  the  fulness  with  which  its 
subject  is  treated. 

The  labor  of  classification  will  be  one  demanding  a  truly  cosmopo- 
lite mind.     Rightly  to  distribute  the  hundreds  of  subjects,  and  always 
to  maintain  the  truly  logical  catena  of  succession,  will  require  a  broad 
power  of  appreciation  such  as  few  possess.    Many  plans  of  classifica- 
tion might  be  devised,  and  each  having  some  advantages.    But  what- 
ever system  is  adopted,  an  alphabetical  index  of  subjects  would  make 
it  easy  of  practical  use.     This  study  of  classification  would,  of  itself, 
be  a  most  valuable  research ;  for  I  am  confident  that  any  abstract  or 
a  priori  plan  would  find  the  materials  somewhat  refractory,  and  thus 
would  undergo  modification  and  amplification.     The  general  alpha- 
betical arrangement  of  titles  by  author^s  names  would,  I  think,  be 
quite  unfit  for  this  case.     The  greatest  benefit  of  the  whole  plan  would 
be  in  its  bringing  together  reference^  to  all  which  has  been  written  on 
each  subject,  and  thus  at  once  giving  a  clew  to  all  the  materials  for 
perfect  monographs.     It  is  of  far  less  importance  in  mathematics  and 
physics  to  know  the  who  than  the  whaL    But  both  can  be  sufiiciently 
known  by  alphabetical  arrangement  of  authors  under  subjects,  and  by 
an  index  of  authors^  names  with  references  to  all  the  subjects  under 
which  each  has  titles.     Thus  all  the  papers  of  any  author,  and  all  the 
papers  on  any  subject,  may  be  directly  found. 

I  need  not  further  enlarge  on  this  plan.  Should  there  be  any  who 
has  capacity  and  courage  to  undertake  the  great  enterprise  indicated, 
further  hints  would  be  superfluous  for  him.  Should  there  be  several 
who  are  willing  to  associate  their  labors,  each  taking  certain  series, 
and  so  together  exploring  the  whole,  it  will  not  be  difficult  to  concert 
a  general  plan.  The  greatest  difficulty  of  such  an  association  would 
be  in  securing  thorough  co-operation  and  uniform  execution.  The 
means  of  classification  would  of  course  be  by  movable  slips,  and  thus 
most  incongruities  of  plan  would  be  avoided  by  making  the  classifica- 
tion the  work  of  one. 
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When  we  look  at  an  individual  labor  so  valuable  as  Poole's  Index 
of  Periodical  Literature,  we  cannot  doubt  that  the  labor  now  proposed 
is  destined  erelong  to  enlist  far  greater  industry  and  talent,  and  that, 
if  seriously  undertaken,  it  must  succeed.    Dr.  Young's  Index,  con- 
tained in  the  volumes  of  his  works,  would  afford  valuable  aid  towards 
conceiving  the  plan,  though  it  is  very  far  from  perfect,  and  of  too  old 
a  date  to  permit  the  continuance  of  its  classification  without  much 
change.    The  proposed  index  seems  to  b»  one  of  those  undertakings 
which  the  current  of  events  will  render  too  indispensable  not  to  be  ere- 
long begun.    If  so  extended  as  to  embrace  engineering,  machines, 
and  the  technology  of  art  and  manufactures,  (chemistry  in  all  its  ap- 
plications would  of  course  be  included,)  it  will  become  sufficiently 
valuable  to  many  merely  practical  interests  to  enlist  their  active  sup- 
port   Our  Patent-Office  might  well  afford  to  defray  all  the  cost  of 
such  a  woiic,  in  those  departments  over  which  examinations  for  patents 
are  required  to  be  made. 

If,  for  a  moment,  we  conceive  the  result  attained,  and  the  entire 
compass  of  reference  to  mathematical  and  physical  papers,  brought 
into  a  systematic  body  under  specific  subject-headings,  we  shall  better 
realize  its  value.  The  course  of  investigation  on  any  particular  sub- 
ject would  be  made  simple  and  direct.  By  yearly  supplements,  we 
might  be  kept  informed  of  new  papers  beyond  our  ordinary  range. 
The  investigator  would  proceed  to  exhaust  all  the  papers  of  value  on 
any  subject  in  hand,  and  would  know  when  he  was  done ;  thus  he 
would  start  thoroughly  furnished  for  making  additions  to  existing 
knowledge,  instead  of  wasting  his  strength  on  work  already  done. 
The  preparation  of  a  monograph  would  no  longer  involve  a  chartless 
roaming  over  a  boundless  sea,  but  our  materials  could  be  used  in  cer- 
tainty of  their  completeness,  and  in  such  succession  as  our  conven- 
ience might  dictate.  Monographs  thus  made  easy  could  not  fail  to 
cover  field  after  field  with  unprecedented  completeness  and  facility. 
We  should  in  each  branch  be  soon  furnished  with  that  clear  synoptic 
presentation  of  all  its  important  elements  and  results,  which  would 
enable  us  to  give  each  speciality  its  true  value  and  relations  on  the 
general  chart  of  scientific  co-ordination.  Our  general  views  would 
keep  pace  with  our  special  investigations,  and  our  minds  would  attain 
that  harmony  of  culture  characteristic  of  the  well-developed  man. 
Alike  versed  in  those  grand  generalities  which  form  the  groundwork 
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of  creation  and  practised  in  the  study  of  our  chosen  fields  of  research, 
we  should  steer  clear  of  fruitless  speculation  and  of  the  bigotry  of 
petty  knowledge.  Such  would  be  the  tendencies  of  the  work  pro- 
posed. What  now  remains  is  simply  to  do  it,  and  for  this  nothing  is 
wanting  but  the  man,  or  men.  The  benefit  is  for  science  among  all 
nations.  The  benefactor^s  reward  will  be  a  truly  honorable  distinc- 
tion, and  a  consciousness  of  usefulness  such  as  few  living  men  can 
rightly  claim.  When  we  vemember  how  the  mighty  dead  and  the 
honored  living  have  given  record  to  their  best  thoughts  in  hope  that 
the  world  would  not  willingly  let  them  die,  it  becomes  in  us  a  deed  of 
pious  duty  to  retrace  and  render  legible  the  inscriptions  on  these  too 
neglected  record  tablets. 


8.   Notes   on    the    Wilmington    Gunpowder  Explosion.      By 
Professor  Denison  Olmsted,  of  New  Haven. 

On  the  3 1st  of  May,  1654,  there  occurred  at  Wilmington,  in  the 
State  of  Delaware,  a  disastrous  explosion  of  gunpowder.  Three 
wagons  from  Dupont's  mills,  which  are  situated  from  three  to  four 
miles  above  the  town,  on  the  river  Brandywine,  each  laden  with  one 
hundred  and  fii\y  kegs  of  powder,  weighing  in  all  nearly  twelve  thou- 
sand pounds,  were  following  each  other  at  small  intervals,  and  when 
in  the  midst  of  the  town,  the  powder,  by  some  cause  not  well  under- 
stood, was  suddenly  ignited.  The  teams  with  their  drivers  were  in- 
stantly destroyed,  and  desolation  and  ruin  were  spread  all  around, 
attended  by  the  demolition  of  a  number  of  buildings,  and  the  loss  of 
several  lives. 

The  ordinary  effects  of  such  a  catastrophe  are  well  known,  and  I 
do  not  purpose  to  occupy  the  time  of  the  Association  in  describing 
them  ;  but  there  were  a  number  of  extraordinary  phenomena  attend- 
ing the  explosion,  illustrating  the  energy  and  peculiar  modes  of  action 
of  pneumatic  forces,  and  possibly  helping  to  explain  certain  obscure 
phenomena  of  tornadoes,  which  appear  to  me  to  be  deserving  of  the 
attention  of  men  of  science. 

Not  long  af\er  the  occurrence,  with  the  hope  of  obtaining  a  more 
correct  and  precise  statement  of  the  facts  than  could  be  derived  from 
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the  newspaper  accounts  of  the  disaster,  I  addressed  a  letter  of  inquiry 
to  Right  Rev.  Bishop  Lee,  whose  dwelling-house  was  situated  very 
near  die  scene  of  explosion,  and  was  entirely  demolished.  The 
pressing  engagements  of  the  Bishop  prevented  his  making  the  report 
himself,  but  he  procured  it  to  be  done  by  his  son,  Mr.  Benjamin  Lee, 
whose  full  and  precise  statement,  now  before  me,  leaves  little  to  be 
desired  in  respect  to  the  facts  of  the  case.  According  to  this  authori- 
ty, wagon-loads  had  been  in  the  habit  of  following  daily  the  same 
route  for  fifty  years,  without  the  least  accident.  So  long  impunity 
had  produced  its  natural  effect,  to  render  the  drivers  careless  and  in* 
attentive  to  the  regulations  established  by  the  proprietors,  prescribing 
their  speed,  and  the  distance  at  which  they  should  follow  each  other. 
Agreeably  to  the  rules,  they  had  lef%  the  mills  at  intervals  of  half  an 
hour;  yet,  on  reaching  town,  the  hinder  wagons  had  so  increased 
their  speed  that  all  three,  on  entering  the  town,  were  near  together, 
and  at  the  time  of  the  explosion  were  only  twenty-five  feet  apart.  It 
appeared,  therefore,  that  the  hindmost  wagon  must  have  travelled  at 
the  unusual  rate  of  about  six  miles  an  hour ;  and  as  parts  of  the  road 
were  rough  and  gullied,  the  chance  of  spilling  portions  of  the  powder 
was  greatly  increased.  Hence  some  persons  endeavored  to  account 
for  the  explosion  by  supposing  that  powder  spilled  from  one  or  more 
of  the  wagons  was  ignited  by  a  spark  struck  by  a  horse's  hoof. 
Others  ascribed  it  to  the  carelessness  of  the  drivers,  two  of  whom 
were  known  to  have  been  smoking  at  the  time  by  the  side  of  their 
wagcHis ;  and  others  still,  to  a  spark  from  some  neighboring  chimney. 
But  as  the  loads  were  severally  covered  closely  by  canvas  drawn  over 
them,  I  cannot  think  that  either  of  these  hypotheses,  or  any  other  that 
has  come  to  my  notice,  is  based  on  evidence  that  is  at  all  conclusive 
or  satisfactory.  I  will  therefore  omit,  on  the  present  occasion,  any 
inquiry  into  the  cause  of  the  explosion,  and  limit  myself  to  a  few  ob- 
servations on  its  more  remarkable  effects. 

1.  The  mechanical  forces  developed  exhibited  prodigious  energy. 
This,  indeed,  is  no  more  than  every  one  would  expect  from  the  in- 
stantaneous explosion  of  twelve  thousand  pounds  of  gunpowder,  since, 
according  to  Button  (Tracts,  Vol.  III.  p.  301),  the  initial  force  of  in- 
flamed gunpowder  is  nearly  two  thousand  times  the  pressure  of  the 
atmospheie.  The  immense  volume  of  elastic  matter,  suddenly  evolved 
from  twelve  thousand  pounds  of  powder,  expanding  with  an  energy  so 
12* 
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inconceivable,  would  displace  corresponding  portions  of  the  surround- 
ing atmosphere,  and  impart  to  it  a  resistless  impulse  in  all  directions. 
The  effects  corresponded  to  such  a  cause.  The  drivers  and  horses 
were  torn  limb  from  limb ;  houses  were  demolished ;  trees  uprooted 
or  twisted  off;  and  perfect  desolation  impressed  on  surrounding  ob- 
jects. But  several  special  phenomena  indicated  still  more  clearly  the 
prodigious  energy  of  the  forces  developed.  A  splinter  of  soft  pine, 
part  of  a  Venetian  blind,  in  the  house  of  Bishop  Lee,  distant  sixty  feet 
from  the  place  of  explosion,  was  driven  across  the  room,  and  struck 
point-wise  an  inch  board  of  the  same  material,  penetrating  completely 
through  it,  with  as  clean  a  cut  as  a  steel-pointed  arrow  would  have 
made.  Fragments  of  wheel-tire  with  portions  of  the  heavy  oak  hubs, 
scraps  of  the  harness,  and  a  few  bolts,  were  the  only  remains  of  the 
wagons.  Flying  fragments  of  the  wheel-tire,  in  many  instances, 
lopped  off  large  limbs  of  trees,  with  almost  the  smoothness  left  by  an 
edge  tool.  One  heavy  piece  of  tire,  about  two. feet  long,  was  found  at 
the  top  of  a  high  hill,  a  quarter  of  a  mile  off.  Small  articles  were 
carried  to  so  great  a  height,  that  minute  fragments  continued  to  fall  for 
ten  or  fifteen  minutes  after  the  explosion.  Glass  windows  were 
broken  at  the  distance  of  more  than  a  mile.  But  the  most  astonishing 
proof  of  the  great  mechanical  energy  developed  is  now  to  be  stated. 
Under  each  wagon  was  found  a  large  cavity,  that  beneath  the  middle 
wagon  being  three  feet  in  depth,  and  ten  by  five  feet  in  area ;  and 
these  holes  did  not  appear  to  be  excavations,  but  simple  indentations 
produced  by  a  downward  compressing  force.  I  do  not  recollect  any 
single  fact  in  the  history  of  gunpowder  explosions  which  more  strik- 
ingly evinces  the  mechanical  power  of  the  agent  than  this.  What 
must  be  the  height  of  that  granite  column,  having  a  base  of  fifty 
square  feet,  which  would  by  its  weight  sink  a  hard  surface  like  that  of 
a  constantly  travelled  street  to  the  depth  of  five  feet  ?  How  high  a 
column  of  mercury  would  be  required  to  produce  such  an  effect  ? 
The  force  transmitted  to  water-pipes  at  the  depth  of  four  or  five  feet 
was  such  as  to  fracture  them. 

2.  The  modus  operandi  of  the  forces  was,  in  many  cases,  singular 
and  curious.  In  one  of  the  houses  overthrown,  the  inmates  had  their 
clothes  torn  off.  Fragments  of  the  wheel-tires,  two  feet  long  and  un- 
der, were,  in  every  case,  either  partially  or  wholly  straightened  out. 
What  was  the  nature  of  the  force  by  which  such  an  effect  could  be 
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produced?  My  correspondent  remarks,  that  peculiar  effects  were 
produced  on  metallic  substances.  In  every  case  the  shoes  were  torn 
from  the  horses^  hoofs.  Hinges  and  bolts  were  wrenched  from  doors 
and  shutters,  even  where  they  opposed  no  resistance  to  the  motion  of 
the  body  to  which  they  belonged.  Castors  were  in  many  instances 
detached  from  heavy  pieces  of  furniture. 

3.  The  effect  produced  on  the  animal  system^  in  cases  where  the 
violence  was  not  sufficient  to  destroy  life,  was  also  in  many  instances 
remarkable.  At  the  distance  of  a  quarter  of  a  mile  from  the  place  of 
explosion,  men  were  raised  from  the  ground,  and  were  sometimes 
borne  along  for  several  feet,  without  being  prostrated.  A  man  on 
horseback,  at  about  half  that  distance,  was  raised  from  the  saddle,  but 
settled  into  it  again  without  injury.  Persons  in  the  immediate  vicin* 
ity  experienced  a  sense  of  suffocation  and  difficulty  of  breathing, 
followed  in  some  instances  by  soreness  of  the  throat  and  a  slight 
hsmoptysis. 

4.  The  pneumatic  forces  appear  to  have  acted  by  the  direct  im« 
pulse  of  the  elastic  medium,  rushing  outwards,  and  sometimes  by  the 
inward  expansion  of  confined  air  acting  against  a  vacuum.  Near  ob- 
jects were  more  commonly  affected  in  the  former  way,  and  more  re- 
mote objects  in  the  latter.  Thus  the  doors  and  windows  of  a  house 
near  the  place  of  explosion  were  all  driven  tn,  while  in  houses  at  a 
greater  distance  they  all  fell  outwards ;  and  the  walls  of  the  same 
house,  in  some  instances,  which  were  on  the  side  next  the  scene  of 
explosion,  fell  inwards,  while  the  opposite  walls  fell  outwards.  A 
piano  open  at  the  time  was  very  little  injured,  while  one  closed,  situ- 
ated at  a  greater  distance,  was  nearly  ruined  by  bursting  from  within. 
Large  nnirrors  were  thrown  from  the  mantle  to  the  floor  without  being 
broken.  But  glass  windows  were  broken  at  the  distance  of  more  than 
a  mile. 

5.  We  trace  a  resemblance  between  some  of  the  foregoing  facts 
and  certain  phenomena  observed  in  tornadoes.  The  splinter  driven 
through  an  inch  board  reminds  me  of  a  fact  that  occurred  in  the 
New  Haven  tornado  of  1839,  where  a  piece  of  board  from  a  bureau 
was  carried  half  a  mile,  and  was  found  sticking  in  the  side  of  a  barn, 
having  penetrated  through  a  thick  plank.  In  the  same  storm,  hinges 
were  torn  from  doors,  as  in  the  case  of  the  explosion,  by  some  mys* 
terious  force,  which  did  not  seem  to  exert  any  great  violence  on  the 
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doors  themselves.  This  mode  of  action,  also,  seems  analogous  to 
that  by  which,  as  in  the  explosion,  shoes  were  wrenched  from  horses^ 
feet,  and  castors  from  pieces  of  furniture.  Clothes  torn  from  the  per- 
sons of  individuals  at  some  distance  from  the  scene  of  explosion,  ap- 
pear somewhat  analogous  to  feathers  stripped  from  domestic  fowls,  as 
was  the  case  in  the  New  Haven  tornado,  and  in  the  Ohio  storm  of 
1842,  described  by  Professor  Loomis ;  and  the  same  has  been  ob- 
served in  various  other  toiviadoes.  The  buoyant  force  by  which  per- 
sons at  some  distance  were  sustained  when  driven  by  the  force  of  the 
explosion,  as  the  rider  who  was  lifled  from  the  saddle  and  replaced 
without  injury,  has  also  been  noticed  in  storms,  when  individuals,  as 
well  as  inanimate  objects,  have  been  transported  in  the  air  to  some 
distance,  and  set  down  upon  the  ground  without  violence.  In  the 
New  Haven  tornado,  a  coach- wheel,  which  was  driven  against  a  bam 
with  such  force  as  to  leave  its  impress  on  the  wall,  still  fell  to  the 
ground  so  gently  as  scarcely  to  indent  it  In  storms,  as  well  as  in  the 
explosion,  houses  have  been  burst  outwards,  like  a  breaking  jar  filled 
with  air,  under  an  exhausted  receiver.  In  the  New  Brunswick  storm, 
desks  were  broken  open,  in  a  manner  resembling  the  bursting  out- 
wards of  the  closed  piano,  as  mentioned  in  the  foregoing  statement 

The  straightening  of  the  wheel-tire  is  a  fact  to  which  I  remember 
no  parallel  in  the  description  of  storms,  and  the  compression  of  a  hard 
gravelly  surface  fifty  square  feet  in  area  to  the  depth  of  five  feet,  as 
was  asserted  to  have  occurred  beneath  the  middle  wagon,  was  an 
exhibition  of  an  elastic  force  to  which  I  have  recognized  few  equals 
among  terrestrial  forces. 


9.  Account  of  Experiments  on  the  alleged  Spontaneous 
Separation  of  Alcohol  and  Water,  made  at  the  Smithso- 
nian Institution.  Communicated  by  Professor  Joseph  Hen- 
ry, Secretary  of  the  Smithsonian  Institution. 

At  the  last  meeting  of  the  American  Association,  a  notice  was 
given  of  a  new  process  for  procuring  alcohol,  for  which  a  patent  had 
been  granted.  The  weak  spirit,  left  to  itself  in  a  vessel  of  great 
height,  was  said  to  separate  spontaneously  into  a  strong  alcohol,  which 
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rose  to  the  top  of  the  column,  and  into  a  weaker  spirit  which  was 
found  at  the  bottom. 

For  the  following  statement  and  remarks  relative  to  granting  the 
patent,  I  am  indebted  to  Dr.  Gale,  one  of  the  principal  examiners  of 
the  Patent-Office. 

^'  When  the  alleged  invention  was  presented,  much  doubt  was  ex* 
pressed  as  to  the  working  of  the  plan,  and  the  author  was  requested 
to  answer  the  following  questions  to  satisfy  the  office  on  the  sub- 
ject :  — 

"  *  Have  you  employed  this  device  for  purifying  alcohol  or  whiskey  ? 
If  so,  please  state  what  kind,  what  size,  and  what  proportioned  ap- 
paratus you  have  used  on  a  working  scale,  and  what  results  you  have 
obtained.^ 

"  To  this  the  applicant  replies  :  — 

" '  I  have  used  this  device  as  a  mode  of  separating  alcohol  from 
whiskey  for  several  months.  The  column  was  of  wrought  iron,  about 
one  hundred  feet  high,  and  twelve  inches  in  diameter.  It  was  elevated 
from  the  cellar  through  and  above  the  building;  the  whiskey  was 
forced  in  from  the  upper  room  of  the  building  through  an  iron  pipe 
leading  over  the  top  of  the  column  and  down  the  inside  about  fiAy 
feet  This  sized  column  will,  I  find,  separate  about  two  hundred  gal- 
lons of  alcohol  from  the  water,  in  the  space  of  twelve  hours.  The 
larger  the  diameter,  the  more  rapid  the  process  of  separation.^ 

"  It  bad  been  stated  by  the  party  in  correspondence  that  he  had 
been  led  to  the  trial  of  the  experiment  by  noticmg  that  the  liquor  in 
the  upper  part  of  a  tall  standing  cask  was  thought  to  be  stronger  than 
that  drawn  out  near  the  bottom." 

This  statement  would  seem  to  receive  some  countenance  from  the 
following  remarks  on  the  same  subject,  in  Gmelin^s  Treatise  on 
Chemistry,  Vol.  I.  p.  112,  English  edition :  — 

^^  Similarly,  brandy  kept  in  casks  is  said  to  contain  a  greater  pro- 
portion of  spirit  in  the  upper,  and  of  water  in  the  lower  part.  Here 
again  the  question  may  be  raised,  whether  the  cask  may  have  been 
filled  with  successive  portions  of  different  strengths,  which  may  have 
disposed  themselves  in  layers  one  above  another.'^ 

"  Ag  to  the  propriety,"  says  Dr.  Gale,  "  of  granting  or  refusing  a 
patent,  on  the  evidence  before  the  office,  in  consideration  of  the  oath 
of  the  inventor,  the  want  of  means  in  the  office  to  satisfactorily  verify 
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or  disprove  the  experiment,  and,  lastly,  the  subsequent  statement  of  the 
inventor,  that  he  had  verified  the  experiment  by  several  months^  work 
on  a  practical  scale,  these  facts  were  regarded  as  good  ground  for 
issuing  the  patent  If  the  party  should  be  found  to  have  made  a  false 
statement,  and  so  committed  a  fraud  on  the  Patent-Office,  these  acts 
were  his  own,  and  for  which  he  must  be  held  responsible.'' 

If  the  result  said  to  be  obtained  were  true,  it  would  follow  that  the 
affinity  of  bodies  for  each  other  would  be  modified  by  pressure. 
Though,  from  theoretical  considerations,  it  might  not  be  thought  im- 
possible that  the  attraction  of  two  substances  for  each  other  might  be 
increased  by  an  incr^fise  of  pressure,  yet  there  is  no  antecedent  proba- 
bility that  the  attraction  would  be  diminished  under  this  influence. 
But  as  an  account  of  this  invention  had  been  widely  circulated  in  the 
newspapers,  its  author  had  received  from  the  Patent-Office  the  right  to 
vend  the  privilege  of  its  use,  and  the  public  were  exposed  to  be  de- 
frauded in  the  purchase  of  that  which  was  worthless,  it  seemed  desira- 
ble to  settle  the  question  as  to  the  truth  of  the  principle  by  direct  ex- 
periment, irrespective  of  theoretical  considerations,  and  on  a  scale  of 
sufficient  magnitude  to  leave  no  doubt  as  to  the  result. 

With  this  view,  in  behalf  of  the  Smithsonian  Institution,  I  accepted 
the  proffered  co-operation  of  Professor  Schaefier,  of  the  Patent-Office, 
and  directed  the  putting  up  of  the  necessary  apparatus  in  one  of  the 
towers  of  the  Smithsonian  building.  The  determination  of  the  den- 
sity of  the  liquid,  and  the  details  of  the  experiments,  were  intrusted 
to  Professor  Schaeffer,  to  whom  I  am  also  indebted  for  the  following 
account  of  the  process  employed  and  the  results  obtained. 

As  the  successful  experiment  was  said  to  have  been  made  with  a 
column  of  liquid  nearly  one  hundred  feet  high,  and  as  the  pressure  of 
such  a  column  was  given  as  the  cause  of  the  separation  of  the  water 
or  alcohol  from  the  mixture,  the  repetition  of  the  experiment  should 
be  on  a  corresponding  scale. 

The  great  tower  of  the  Institution  building  was  already  fitted  for 
experiments  requiring  like  conveniences.  A  well,  or  series  of  open- 
ings giving  a  height  of  over  one  hundred  feet,  passing  through  several 
stories,  was  the  place  selected.  A  series  of  stout  iron  tubes  of  about 
an  inch  and  a  half  in  internal  diameter  formed  the  column,  the  total 
length  of  which  was  one  hundred  and  six  feet.  Four  stop-cocks  were 
provided ;  one  at  bottom,  one  about  four  feet  from  the  top,  and  the 
other  two  to  divide  the  interval  equally,  or  nearly  so. 
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The  liquor  used  was  common  rye  whiskey  of  44  per  cent  at  60® 
Fahr.,  and  of  44  on  the  United  States  Revenue  Hydrometer,  one  of 
which  was  used  in  testing  the  liquor. 

The  experiment  commenced  on  the  18th  of  November,  1854 ;  a 
leak  occurring  caused  the  trial  to  be  limited  to  the  lower  thirty  feet, 
after  the  lapse  of  a  few  hours.  On  the  20th,  the  tube  was  refilled, 
and  af^r  testing  at  intervals  of  a  few  days,  the  loss  was  supplied,  the 
whole  apparatus,  with  each  cock  and  the  top  sealed  up,  was  left  to 
itself  until  December  14th,  when  it  was  again  tried  at  each  cock. 
With  a  slightly  diminished  quantity,  about  one  hundred  feet  in 
height,  the  whole  again  stood  until  the  18th  of  April,  1855,  when  the 
tests  were  again  made. 

Fortunately  for  the  result,  the  original  liquor  had  been  repeatedly 
tested  at  different  temperatures ;  the  contents  of  every  vessel  used  to 
contain  it  having  been  tried  at  each  of  the  several  fillings  of  the  tube, 
which  were  made  on  the  first  days  of  the  experiment,  when  a  leak 
required  its  discharge  for  the  purpose  of  tightening  the  joints.  A  por- 
tion of  the  original  liquid  which  had  been  set  aside  was  also  tried  at 
the  end  of  the  experiment,  and  at  different  temperatures. 

The  readings  of  the  hydrometer  were  made  with  as  much  accuracy 
as  possible  under  the  circumstances,  some  of  them  being  taken  late  at 
night,  and  exposed  in  the  open  tower  to  a  violent  wind.  No  pains 
were  spared  to  test  the  liquid  under  every  variety  of  circumstances. 
At  first,  the  windows  of  the  tower  were  open,  but  for  the  last  two 
or  three  months  they  were  closed.  Fifty-four  readings  were  made ; 
nineteen  of  which  were  from  the  original  liquid,  and  the  remainder 
on  that  drawn  from  the  different  cocks.  The  result  may  be  stated 
as  follows. 

On  plotting  the  readings  of  indication  and  temperature,  they  all 
follow  nearly  in  the  same  line,  the  deviations  of  those  taken  from  the 
original  fluid  being  quite  as  great  as  those  taken  from  either  the  bot- 
tom or  top,  even  ai^er  the  lapse  of  months.  Or,  in  other  words,  with- 
in the  limits  of  error  (the  extreme  being  but  a  portion  of  a  degree  of 
the  hydrometer),  there  is  not  the  slightest  indication  of  any  difference 
of  density  between  the  original  liquor,  and  that  from  the  top  or  bottom 
of  the  column,  afler  the  lapse  of  hours,  days,  weeks,  or  months.  The 
fluid  at  the  bottom  of  the  tube,  it  must  be  remembered,  was  for  five 
months  exposed  to  the  pressure  of  a  column  of  fluid  at  least  one 
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hundred  feet  high.  This  pressure,  however,  is  much  within  that  at 
which  inferior  champagne  bottles  are  burst,  and  if  pressure  alone 
could  produce  such  an  effect,  wine  of  that  kind  should  have  long  ere 
this  given  instances  of  it. 

As  the  fact  has  been  taken  for  granted,  and  chemists  of  repute 
have  made  use  of  it,  there  seems  good  ground  for  thus  formally  re- 
futing an  error  which,  at  first  sight,  would  not  appear  worthy  of  being 
dignified  by  so  much  notice. 


IV.    PHYSICS  OF  THE  GLOBE. 

1.  Approximate  Co-tidal  Lines  of  the  Pacific  Coast  of  the 
United  States,  from  Observations  in  the  United  States 
Coast  Sueyey.  By  Professor  A.  D.  Bache,  Superintendent. 
(Communicated  by  Authority  of  the  Treasury  Department.) 

The  western  coast  of  the  United  States,  between  San  Diego,  Cali- 
fornia, and  Columbia  River,  extending  through  13^  Z&  of  latitude  and 
6°  43^  of  longitude,  is  divided  into  three  reaches  (see  Plate)  ;  the  first 
from  San  Diego  to  Point  Conception,  the  second  from  this  point  to 
Cape  Mendocino,  and  the  third  from  that  cape  to  Cape  Disappoint- 
ment at  the  mouth  of  the  Columbia.  The  first  reach,  about  two  hun- 
dred and  twenty  miles  in  extent,  is  curved,  the  general  trend  being 
about  N.  56^  W.  The  second,  about  four  hundred  and  thirty  miles  in 
extent,  is  in  general  straight,  with  moderate  indentations  only,  and  its 
trend  is  about  N.  2V  W.  The  third,  three  hundred  and  seventy  miles 
in  extent,  is  also  nearly  straight,  trending  nearly  N.  5^  £. 

The  soundings  on  the  coast  generally,  except  in  the  harbors,  have 
been  for  the  purpose  of  general  reconnoissance,  and  are  not  detailed 
enough  to  show  the  configuration  of  the  bottom. 

Tidal  Observations. 

Tidal  stations  for  long  series  of  observations  have  been  established 
at  San  Diego,  San  Francisco,  and  Astoria  (Columbia  River),  and,  be- 
tween these,  temporary  stations  at  the  points  and  for  the  periods 
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Stated  in  the  annexed  general  table.  Saxton^s  self-registering  gauge 
has  been  employed  at  the  permanent  stations  generally,  and  at  some 
of  the  temporary  stations  also. 

The  observations  are  under  the  direction  of  Lieutenant  W.  P.  Trow- 
bridge, U.  S.  Corps  of  Engineers  and  Assistant  in  the  Coast  Survey. 
They  were  commenced  in  1853,  and  are  still  in  progress.  The  very 
intelligent  and  careful  supervision  of  this  officer  is  a  guaranty  for  the 
character  of  the  observations.  The  observers,  too,-  were  especially 
selected  by  him  for  their  faithfulness  and  intelligence. 

The  number  of  results  collected  is  such  as  to  warrant  an  approxi- 
mate determination  of  the  co-tidal  lines  of  this  coast,  to  be  checked 
when  further  results  are  obtained.  This  attempt  has  the  advantage 
of  pomting  out  deficiencies  in  the  series  which  otherwise  would  not 
80  cfearly  appear.  The  following  table  shows  the  localities  of  obser- 
vation and  the  duration  of  each  series  embraced  in  this  discussion,  the 
"■"^6  of  the  observer,  and  the  kind  of  gauge  employed. 


TABLE  I. 

^^MRtOR  the  WaUmCoaat  of  the  United  States,  the  ReguUs  o/whichare  dis- 
cuMMed  in  thit  Paper, 


SlatioDs. 

Time, 

Gauges. 

OteenreM. 

10 

11 

/SttDi^Ko, 
San  Pedro, 
Sao  Luis  Obispo, 

SanuCrnz, 
Sua  Francisco, 

HnmboldtBay, 
Port  Orford, 
C.  Disappointment, 
*Astoria, 

9  months  (1853-4) 
4      "        (1853-4) 
2      "        (1854) 

2  "        (1854) 

1  "        (1853) 

12    "        (1853-4) 

3  "        (1854) 
2J     "        (1854) 
2l     "        (1854) 

2  "        (1854) 

9       "        (1853-4) 

Self-registering, 

u 

Box, 

SeJf-registering, 

Staff. 

Self-registering, 
it 

Box, 

Self-registering, 

Staff, 

Self-registering, 

A.  Cassidy. 
T.  A.  Szabo. 
G.  Sherman. 
J.  Ord. 

(  6.  Sherman, 
\  H.  £.  Uhrlardt 

T.  A.  Szabo. 

J.  A.  Black. 

T.  A.  Szabo. 

J.  A.  Black. 

I.  Wayne. 

These  results  wel«  in  part  tabulated  by  Lieutenant  Trowbridge,  and 
in  part  in  the  Tidal  Division  of  the  Coast  Survey  Office,  under  the 
immediate  direction  of  Assistant  L.  F.  Pourtales.  The  discussions 
were  made  in  general  by  Messrs.  Heaton  and  Hawley,  of  the  same 
Division. 

The  times  of  high  water  are  referred  to  the  next  preceding  transit 
of  the  moon,  transit  F  of  Mr.  Lubbock^s  nomenclature^  the  epoch 
13 
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having  been  found  to  correspond  to  that  transit.  The  mean  interval 
between  the  time  of  the  moon^s  transit  and  the  time  of  high  water,  or 
the  establishment  corrected  for  half-monthly  inequality  for  each  sta- 
tion, is  given  in  the  following  table.  A  correction  to  carry  the  results 
to  deep  water  is  applied  in  the  way  described  in  my  paper  on  the  Co- 
tidal  Lines  of  the  Atlantic  Coast  of  the  United  States,*  giving  the 
establishment  used  in  obtaining  the  co-tidal  hour.  The  latitude  and 
longitude  from  Greenwich  of  each  tidal  station  are  given  in  the  table  to 
the  nearest  minute.  The  co-tidal  hour  found  from  the  establishment, 
corrected  for  depth  and  the  longitude  from  Greenwich,  is  in  the  last 
column  of  the  table.  It  is  not  necessary  to  apply  a  correction  for  the 
different  transits,  as  the  difierence  between  the  greatest  and  least  cor- 
rections amounts  to  but  five  minutes. 

TABLE  n. 

Data  for  the  Co-tidal  Lines  of  the  Pacific  Coast  of  the  United  States. 


Slalions. 

Corr.EsL 

Correction 

for 

Depth. 

Final 
Corr.  Eat. 

ii.    ra. 

Utitude 

N. 

Longitude 

Co-tidal 
Hour. 

b.    nu 

h.    m. 

O         1 

O        1 

I 

San  Diego,     .    . 

9  42 

10 

9  32 

32  42 

117  13 

17  21 

2 

San  Pedro,     .    . 

9  37 

10 

9  27 

33  43 

118  16 

17  20 

8 

San  Luis  Obispo, 

10    4 

3 

10     1 

35  11 

120  43 

18    4 

4 

Monterey,  .    .    . 

10  20 

0 

10  20 

36  36 

121  54 

16  28 

5 

Santa  Cruz,    .    . 

10  16 

3 

10  13 

36  57 

122    0 

18  21 

6 

San    Francisco, ) 
North  Beach,    J 

11  56 

9 

11  47 

37  48 

122  26 

19  57 

Bodega,      .    .    . 

11   19 

9 

11  10 

38  18 

123    3 

19  22 

8 

HamboldtBay,  . 

12    2 

9 

11  53 

40  45 

124  10 

20  lO 

9 

PortOrford,  .    . 

11  26 

0 

11  26 

42  44 

124  29 

19  44 

10 

Columbia  River,} 

Cape      Disap-  > 

12    0 

16 

11  44 

46  17 

123  56 

20     O 

pointmcnt,         5 

Co*tidal  Hours. 

The  co-tidal  hours  thus  far  obtained  between  San  Diego  an^  Cape 
Disappointment,  Columbia  River,  are  contained  between  17^*  20"*  and 
20^'  10""',  increasing  as  a  general  rule,  but  with  Striking  exceptional 
cases  and  not  regularly,  in  passing  northward.  The  co-tidal  hour  of 
17**'  20"-  characterizes  the  two  stations  in  the  southern  reach  referred 
to  in  the  description  of  the  coast.  16^',  19''-,  20^*  are  found  on  the 
middle  reach,  and  20**-  characterizes  the  northern. 


*  Proceedings  of  the  Amer.  Assoc,  for  the  Adv.  of  Science,  Washington  Meet- 
ing, 1854. 
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Co-tidal  Groups. 

In  discussing  these  results,  I  have  followed  the  same  course  as  in 
the  paper  on  the  Co-tidal  Lines  of  the  Atlantic,  dividing  the  stations  into 
natural  groups,  and  applying  Lloyd^s  mode  of  discussion  of  magnetic 
lines  to  them. 

The  northern  group  of  stations,  between  Cape  Disappointment  and 
Cape  Mendocino  (see  Plate),  is  composed  of  Cape  Disappointment, 
Port  Orford,  and  Humboldt.  The  mean  co-tidal  hour  is  19*"  58"-. 
The  mean  of  the  longitudes  of  the  stations  is  124°  12' ;  the  mean  of 
the  latitudes,  42°  l^^.  Calling  the  differences  between  the  mean  longi- 
tude and  the  longitude  of  each  station  when  reduced  to  nautical  miles 
Xj  the  diferences  between  the  latitude  of  each  station  and  the  mean  y, 
the  diference  between  the  co-tidal  hour  at  each  station  and  the  mean 
co-tidal  hour  2,  and  assuming  S  as  the  sign  of  the  algebraic  sum  of 
the  numerical  quantities  obtained  for  the  co-efficients  of  the  equations 
furnished  by  each  station,  we  form  and  solve  the  equations 

2V  2  a  y  -J-  Jkf  S  y^=^2y%. 

In  the  case  before  us,  M  gives  for  the  co-efficient  of  the  longitude  1.2, 

^<J^ for  that  of  latitude  -^.006.     The  tangent  of  the  angle  which 

N 
the  co-tidal  line  makes  with  the  meridian  — IjJ  =  ^-05  and  the  angle 

is2f^b2'.  The  distance  in  nautical  miles  perpendicular  to  the  co-tidal 
line  corresponding  to  one  minute  of  establishment,  or  ^W  -f~  -^9 
is  1.2  miles,  and  therefore  the  progress  of  the  tide-wave  in  one  hour 
fifty  miles. 

This  is  a  velocity  less  than  the  depth  would  indicate  to  be  correct, 
and,  from  the  small  differences  in  the  establishments  of  the  stations, 
this  must  be  an  uncertain  datum.  We  shall  see,  however,  that  in  the 
next  group,  where  the  establishment  varies  more  considerably,  this 
datum  is  still  less  probable  than  the  one  here  obtained. 

The  direction  of  the  line  is  nearly  coincident  with  that  of  the  trend 
of  the  coastr  the  co-tidal  angle  being  2"*  52',  and  the  general  trend  of 
the  coast  differing  but  two  degrees  from  it. 

The  co-tidal  hours  calculated  from  the  separate  equations  are,  for 
Cape  Disappointment,  20*''  0"-,  for  Port  Orford,  19'''  44"-,  agreeing  pre- 
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cisely  with  the  obsenred,  and  for  Humboldt,  20^'  9*"*,  difibring  but  one 
minute  from  the  observed. 

The  observations  bearing  upon  this  group  are  extending  northward, 
but  the  difficulties  in  the  way  of  maintaining  the  stations  are  such, 
on  a  coast  inhabited  by  aborigines,  that  I  do  not  venture  to  count 
upon  speedy  results.  Lieutenant  Trowbridge  is  using  his  best  efforts 
to  establish  the  necessary  stations. 

I  precede  the  discussion  of  the  middle  group  of  stations  by  the  table 
on  page  149,  which  gives  the  results  corresponding  to  several  different 
hypotheses,  which  will,  in  turn,  be  examined. 

Taking  the  five  stations  between  Cape  Mendocino  and  Point  Con- 
ception as  one  group,  we  find  from  the  table  the  angle  of  the  co-tidal 
line  with  the  meridian,  N.  35^  2fy  W.,  and  the  mean  co-tidal  hour, 
IS***  50"' ;  the  difference  of  establishment  for  one  geographical  mile 
perpendicular  to  the  co-tidal  line,  4.7  minutes.  As  the  observations  at 
Santa  Cruz  are  comparatively  few  in  number,  it  may  be  more  proper 
to  leave  out  that  station,  which  will  give  for  the  corresponding  results 
to  those  just  stated,  N.  36°  43'  W.  for  the  angle  of  the  co-tidal  line, 
IS*"'  58*"  for  the  mean  co-tidal  hour,  and  3.9  minutes  for  the  co-tidal 
difference  in  one  geographical  mile. 

Omitting  Bodega  from  this  group,  we  obtain  for  the  co-tidal  angle, 
N.  3T*  26'  W. ;  for  the  mean  co-tidal  hour,  19^  50"- ;  and  for  the 
change  of  hour  in  one  mile,  3.9  minutes. 

Omitting  Bodega  and  San  Francisco  from  the  first  group,  the  three 
southern  stations,  San  Luis  Obispo,  Monterey,  and  Santa  Cruz,  give, 
for  the  same  values,  N.  33**  6'  W.,  IS*^  18"-,  and  4.9  minutes.  The 
direction  of  the  co-tidal  line  being  nearly  the  same,  its  denomination 
only  is  changed.  The  18^  hours  would  give  nearly  18}  if  carried  to 
the  co-tidal  line  of  the  first  hypothesis,  18^'  50*^*,  which  is  a  good 
agreement. 

Omissions  at  the  other  end  of  the  group  produce  the  same  result. 
Leaving  out  San  Luis  Obispo  from  1,  we  obtain  for  the  co-tidal  angle, 
N.  36**  30'  W. ;  co-tidal  hour,  18**  47"- ;  change  per  mile,  4.4  minutes. 
The  same  result  is  obtained  by  other  omissions  in  the  series. 

The  introduction  of  Humboldt  into  a  group  with  Bodega  and  San 
Francisco  gives  results  materially  different  from  those  obtained,  redu- 
cing the  co-tidal  angle  to  18**  5',  and  increasing  the  velocity  to  forty 
miles  per  hour. 
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The  combination  of  San  Pedro  with  the  southern  stations  also 
changes  the  result  so  rapidly,  as  to  prove  that  the  group  is  limited  to 
the  south  of  Point  Conception. 

The  proof  seems  complete,  that  these  five  stations  form  a  single 
group.  Using  the  determination  in  which  Santa  Cruz  is  omitted,  for 
reasons  already  stated,  we  have  for  the  co-tidal  angle  N.  36^  43'  W., 
which  gives  an  inclination  to  the  general  line  of  the  coast  of  about  ten 
degrees.  The  line  of  nineteen  hours  meets  the  coast  north  of  Point 
A&o  Nuevo,  and  between  it  and  Point  San  Pedro. 

The  comparison  of  the  observed  and  computed  establishments  from 
either  of  these  hypotheses  is  very  satisfactory  ;  —  from  that  of  the  five 
stations,  Santa  Cruz  alone  stands  out  with  a  difference  greater  than 
fifteen  minutes.  For  the  second  list  of  four  stations,  the  greatest  dif- 
ference is  twelve  minutes,  and  the  mean,  without  regard  to  signs,  is 
but  six  minutes. 

The  velocity  of  the  tide-wave  is  less  satisfactory  from  the  other  data, 
rising  to  but  fiAeen  miles  per  hour.  The  depth  should  give  a  greater 
velocity,  and  the  comparison  with  the  northern  group  would  indicate  a 
much  greater. 

In  drawing  the  chart  of  co-tidal  lines  I  have  not  followed  the  veloci- 
ties  strictly.  This  group,  however,  lies  favorably  for  the  determination 
of  the  rate  of  motion  of  the  tide-wave,  and  the  results  of  the  various 
hypotheses  in  the  table  are  quite  consistent  with  each  other  in  giving  a 
low  velocity. 

The  southern  group  is  imperfect,  as  having  but  two  stations  in  it. 
Further  observations  are  required  here,  and  on  the  islands  which  sepa* 
rate  Santa  Barbara  Sound  from  the  great  ocean. 

Combining  San  Luis  Obispo  with  San  Diego  and  San  Pedro  would 
require  a  retrograde  wave,  showing  that  they  do  not  belong  to  the 
same  group. 

The  computations  required  in  these  discussions  were  generally 
made  by  Mr.  Heaton  of  the  Tidal  Division,  under  my  immediate  direc- 
tion or  that  of  Assistant  Pourtales. 


Chart  of  Co-tidal  Lines, 

From  this  discussion  I  have  drawn  a  chart  of  approximate  co*tidal 
lines  for  the  coast  of  Oregon  and  California.    (See  Plate.) 
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The  chart,  on  a  scale  of  io^.oqo9  the  same  which  was  used  in  pre- 
senting the  co-tidal  lines  of  the  Atlantic  coast  of  the  United  States, 
shows  the  general  configuration  of  the  coast. 

The  co*tidal  hours  are  marked  near  the  several  tidal  stations. 

The  straight  lines  resulting  from  the  discussion  of  the  northern  and 
middle  groups  are  delineated ;  for  the  northern  group,  the  co-tidal  lines 
of  XIX.  and  XX.  hours,  and  for  the  middle  group,  of  XVII.,  XVIII., 
XIX.,  and  XX.  hours. 

The  curves  representing  the  approximate  co-tidal  lines  of  XVII., 
XVni.,  XIX.,  and  XX.  hours  are  drawn  in  dotted  lines,  the  character 
of  the  dots  differing  for  the  several  lines. 

The  line  of  XVII.  hours  20"*  would  follow  the  coast  nearly  from  San 
Diego  to  Point  Conception,  then  the  line  of  XVIII.  hours  nearly  to  Point 
Pioos.  North  of  this  point,  the  lines  of  XVIII.  and  XIX.  hours  meet  the 
coast  obliquely  at  an  angle  of  about  ten  degrees,  the  line  of  XX.  hours 
appearing  near  Point  Arena,  and  following  the  coast  generally  to  Cape 
Disappointment,  the  receding  parts  having  a  little  later,  and  the  pro- 
jecting parts  a  little  earlier  hour. 

Throughout  the  extent  of  coast  examined,  the  co-tidal  lines  are 
either  sensibly  parallel  to,  or  make  a  small  angle  with,  the  general 
direction  of  the  coast.  The  angle  made  with  the  coast  between  Point 
Conception  and  Cape  Mendocino  is  greater  than  is  general  on  the  long 
reaches  of  the  Atlantic  coast. 

The  successive  charts  of  co-tidal  lines  of  the  Pacific  have  been 
tending  towards  the  representation  now  given,  as  more  reliable  obser- 
vations have  been  collected. 

The  last  chart,  in  1848,  of  the  Master  of  Trinity  (Rev.  W.  Whewell),* 
to  whom  this  subject  owes  so  much  of  its  progress,  in  comparison 
with  that  of  Sear  Admiral  Lutke,t  or  with  his  own  earlier  map4 
shows  this  tendency,  the  inclination  of  the  lines  to  the  coast  being 
lessened  at  each  step. 

*  Boyal  SodetT's  Tnnsacdons,  VoL  LXVI.,  1848. 

t  Bnlletin  de  la  Classe  Physico-Mathematique  de  TAcad.  Imp.  des  Sciences  de 
Petenbooig,  Tom.  II.  No.  1. 
t  Boyal  Society's  Transactions,  Vol.  LI.,  1833. 
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2.  Notice  of  the  Tidal  Observations  made  on  the  Coast  of 
THE  United  States  on  the  Gxtlf  of  Mexico,  with  Type 
Curves  at  the  several  Stations,  and  their  Decomposition 
INTO  THE  Curves  of  Diurnal  and  Semi-Diurnal  Tides.  By 
A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey.  (Communi- 
cated under  authority  of  the  Treasury  Department.) 

Abstract. 

The  stations  are  eighteen  in  number ;  at  four,  hourly  observations 
were  made  for  one  year  or  more ;  and  at  the  remainder,  for  not  less 
than  two  lunations,  and  generally  for  more.  The  stations  at  Cape 
Florida,  Indian  Key,  Key  West,  and  Tortugas,  were  intended  to  trace 
the  tide-wave  through  the  Florida  Channel;  those  at  Egmont  Key 
(Tampa),  Cedar  Keys,  and  St.  Mark's,  to  trace  it  along  the  western 
coast  of  Florida  ;  at  St.  George's,  Pensacola,  Fort  Morgan,  Cat  Island, 
and  £.  Bayou  (entrance  to  the  Mississippi),  to  trace  it  along  the  south 
coast  of  Florida,  Alabama,  Mississippi,  and  part  of  Louisiana  ;  at  E. 
Bayou,  Demi^re  Isle,  Calcasieu,  Bolivar  Point  and  Galveston,  Aransas 
and  Brazos  Santiago,  for  the  coast  of  Louisiana  and  Texas. 

The  observations  were  chiefly  made  by  Mr.  Gustavus  Wurdemann, 
with  diflerent  assistants.  At  a  few  stations  they  were  made  by  Cor- 
poral Thompson  of  the  Engineers,  Mr.  Bassett,  Mr.  Tansill,  and  Mr. 
Muhr.  The  reductions  were  made  in  the  Tidal  Division  of  the  Coast 
Survey  Office  by  Assistant  Pourtales,  Mr.  Gordon,  Mr.  Mitchell,  Mr. 
Heaton,  and  others.  The  methods  used  were  those  pointed  out  in  my 
previous  papers  to  the  Association,  the  decompositions  being  in  some 
cases  made  graphically,  and  at  a  part  of  the  stations,  where  the  semi- 
diurnal wave  is  considerable,  the  ordinary  method  of  working  was 
employed,  as  well  as  those  considered  peculiarly  applicable  to  these 
tides. 

As  it  would  be  tedious  to  present  the  results  of  these  elaborate  dis- 
cussions in  detail,  when  the  co-tidal  lines  are  introduced,  I  have  thought 
it  best  briefly  to  refer  now  to  the  types  of  the  different  tides,  and  to 
present  to  the  Association  the  diagrams  for  the  several  stations,  show- 
ing upon  a  uniform  scale  the  normal  curves  and  their  decompositions 
into  the  diurnal  and  semi-diurnal  waves. 
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3w  l^OTics  OT  Eabthquaxb  Waves  on  thb  Western  Coast  of 
THE  United  States,  on  the  23d  and  25th  of  Decembeb, 
1S54.  (Communicated  by  A.  D.  Bache,  SuperiDtendent  U.  S. 
Coast  Survey,  under  authority  of  the  Treasury  Department.) 

la  February,  1855, 1  received  from  Lieut  W.  P.  Trowbridge  of  the 

Corps  of  Engineers,  Assistant  in  the  Coast  Survey,  in  charge  of  the 

tttdal  obeerrations  on  the  Pacific  coast,  a  letter  calling  my  attention  to 

tlie  smgnSar  curves  traced  by  the  self-registering  tide-gauge  at  San 

XHego  on  the  23d  and  25th  of  December,  and  remarking  that  the 

irregulartfies  of  the  curve  could  not  be  produced  by  disturbances  from 

stonosy  as  the  meteorological  records  for  the  whole  coast  showed  a 

coodouance  at  that  time  of  an  ordinary  state  of  weather,  and  the 

length   of  the  wave  was  too  great  to  be  explained  by  such  action. 

^  There  is  every  reason  to  presume, "  he  continues,  ^'  that  the  effect 

canaed  by  a  submarine  earthquake.^'     No  shock,  however,  had 

felt  at  San  Francisco. 

l¥ben  ^  record  sheet  of  the  self-registering  gauge  at  San  Francisco 

^was  tecehred,  similar  irregularities  in  the  curves  for  the  same  days  were 

foioiid  upon  JL    The  sheet  for  Astoria  presented  little  or  no  special 

ixregularity.    These  were  the  only  self-registering  gauges  actually  in 

opera^oB  at  this  time. 

W^wes  o€  short  period  would,  of  course,  escape  detection  by  the 
crdiiiary  hourly  or  half-hourly  observations. 

About  the  20th  of  June,  we  received  accounts  from  Japan  of  a 
violent  earthquake  on  the  23d  of  December,  the  notice  of  which  was 
iBOce  ciicamstantial  than  usual  from  the  damage  to  the  Russian  frigate 
Diana  in  the  port  of  Simoda,  on  the  island  of  Niphon,  from  the  exces- 
nve  and  rapid  rise  and  fall  of  the  water. 

A  detailed  account  of  the  phenomena  of  this  earthquake,  and  of  the 
rise  and  fitll  o(  the  sea  produced  by  it  in  different  places  on  the  coasts 
of  the  Pacific,  is  much  to  be  desired,  and  I  have  thought  that,  by  the 
poblicatk>fi  of  the  results  obtained  by  the  Coast  Survey,  the  publication 
of  oflBcial  reports  of  the  phenomena  might  be  induced.  Perhaps  even 
smikr  oiaexvation«  tnay  have  been  made,  and  these  registers  of  the 
gelf'actne  tide-g^^S^  ^*^^  ^^^  ^^^  observations  it  is  desirable  to 
bare  for  compBtiaot^' 
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Thus  far  we  are  left  to  the  public  prints  for  the  information  ob- 
tained,* and  the  different  accounts  are  quite  discrepant  where  they 
give  details,  and  are  usually,  as  intended  merely  for  general  infor- 
mation, too  vague  in  the  statements  to  give  satisfactory  means  of 
comparison. 

A  correspondent  of  the  New  York  Herald  writing  from  Shanghae 
gives  the  following  notes,  stated  to  be  derived  from  an  officer  of  the 
frigate  Diana:  — 

"  At  9  A.  M.  on  the  23d  of  December,  weather  clear,  thermometer 
72®,  barometer  30'°-,  a  severe  shock  of  an  earthquake  was  felt  on 
board  the  frigate,  shaking  the  ship  most  severely.  This  shock  lasted 
full  five  minutes,  and  was  followed  at  quick  intervals  by  rapid  and 
severe  shocks  for  thirty  minutes. 

"  At  9^'  30"'  A.  M.  the  sea  was  observed  washing  into  the  bay  in 
one  immense  wave,  thirty  feet  high,  with  awful  velocity.  In  an 
instant  the  town  of  Simoda  was  overwhelmed,  and  swept  from  its 
foundations 

^^  Thb  advance  and  recession  of  the  water  occurred  five  times 

"  By  2**-  SO"-  P.  M.  all  was  quiet." 

A  communication  in  the  same  paper,  purporting  to  give  an  extract 
from  the  log-book  of  the  Diana,  states  that,  — 

"  At  a  quarter  past  nine,  without  any  previous  indication,  the  shock 
of  an  earthquake,  which  lasted  two  or  three  minutes,  causing  the 
vessel  to  shake  very  much,  was  felt  both  on  deck  and  in  the  cabin. 

*  Since  reading  this  paper,  I  have  rcceiyed,  throagh  the'kindness  of  Commodore 
M.  C.  Perry,  a  copy  of  a  letter  from  Captain  H.  A.  Adams,  U.  S.  N.,  who  visited 
Japan  in  the  steamer  PowhaUm,  to  exchange  ratifications  of  the  treaty  between 
Japan  and  the  Uniteii  States.  Captain  Adams  says :  "  Simoda  has  suffered 
dreadfully  since  your  visit  there.  On  the  23d  of  December  there  were  several 
shocks  of  earthquake.  The  sea  rose  in  a  wave  five  fathoms  above  its  usual  height, 
overflowing  the  town^  and  carrying  houses  and  temples  before  it  in  its  retreat. 
When  it  fell,  it  left  but  four  feet  of  water  in  the  harbor.  It  rose  and  sunk  this  way 
five  or  six  times,  covering  the  shores  of  the  bay  with  the  wrecks  of  boats,  junks, 
and  buildings.  Only  sixteen  houses  were  left  standing  in  the  whole  place.  The 
entire  coast  of  Japan  seems  to  have  suffered  by  this  calamity.  Yedo  itself  was 
injured,  and  the  fine  city  of  Osaka  entirely  destroyed." 

Captain  Adams  then  gives  an  account  of  tlie  disaster  to  the  Bussian  friagate  Diana^ 
Admiral  Pontiatine  commanding,  which  was  so  injured  in  the  harbor  of  Simoda  as 
to  lead  finally  to  her  entire  loss. 
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At  ten  o'clock  a  large  wave  was  observed  ent  ^ring  the  bay 

The  rising  and  falling  of  the  water  were  very  great,  the  depth  vary- 
ing from  less  than  eight  to  more  than  forty  feet ;  and  these  changes, 

at  intervals  of  about  five  minutes,   continued  until  noon 

Scarcely  had  half  an  hour  elapsed,  when  the  rising  and  falling  of  the 
water  became  more  violent  than  before.  Between  this  time  and  a 
quarter  past  two  (when  the  agitation  again  became  much  less)  the 
frigate  was  left  four  times  on  her  side,  and  once  while  thus  laid,  in 
only  four  feet  of  water 

"  Continuing  to  decrease  in  violence  and  frequency  by  3  P.  M.,  the 
agitation  of  the  water,  and  the  motion  of  the  vessel  consequent  there- 
on, were  very  slow At   this   time  a  fresh  west  wind  was 

blowing,  the  barometer  stood  at  29*'''.87,  and  the  thermometer  was 
10.5  degrees  R.  (about  55.6  degrees  F.)'' 

The  official  report  of  the  disaster  to  the  frigate  will  probably  contain 
further  and  more  precise  particulars  of  the  phenomena. 

Mr.*  P.  W.  Graves  gives,  in  the  Polynesian,  a  notice,  for  which  I  am 
indebted  to  Mr.  Meriam,  of  an  extraordinary  rise  and  fall  in  the  waters 
at  Peel's  Island,  one  of  the  Benin  Islands,  on  the  23d  of  December. 
The  first  rise  noticed  was  fifteen  feet  above  high  water,  followed  by  a 
fall  which  left  the  reefs  entirely  bare.  The  hour  when  this  occurred 
is  not  stated.  '^  The  tide  continued  to  rise  and  fall  during  the  day, 
at  intervals  of  fifteen  minutes,  gradually  lessening  "  until  the  evening. 

At  Peel's  Island  the  waters  rose  on  the  evening  of  the  25th  of  De- 
cember to  the  height  of  twelve  feet.  I  have  not,  however,  seen  any 
notice  of  an  earthquake  on  that  day. 

I  present  to  the  Association  a  copy  of  the  curves  traced  by  the  self- 
registering  gauges  at  the  Coast  Survey  tidal  stations  at  San  Diego,  San 
Francisco,  and  Astoria,  on  the  23d  and  25th  of  December,  1854. 
(See  Plate.) 

The  curves  representing  tides  of  short  period  being  traced  upon  the 
falling  or  rising  curve  of  the  regular  tide,  their  peculiarities  are  not  so 
readily  seen  as  when  shown  in  the  second  diagram  (see  Plate),  where 
the  regular  tidal  curve  is  represented  as  a  horizontal  line.  The  times 
of  the  San  Diego  curve  are  reduced  to  San  Francisco  time.  The 
curve  at  San  Diego  presents  many  minor  irregularities,  from  the  mo- 
tion of  the  float  not  having  been  sufficiently  checked  to  prevent  the 
recording  of  the  waves  caused  by  the  wind. 
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Upon  a  falling  tide,  the  crests  of  these  waves  will  be  met  earlier,  and 
the  hollows  later,  than  upon  a  horizontal  surface,  and  the  intervals  from 
crest  to  crest,  or  from  hollow  to  hollow,  will  be  affected  by  the  change 
of  rate  of  fall.    Upon  a  rising  tide,  the  reverse  will  occur. 

There  can  be  no  doubt  that  these  extraordinary  rises  and  falls  of  the 
water  at  short  intervals,  were  produced  by  the  same  cause  which  de- 
termined the  extraordinary  rise  and  fall  in  the  harbor  of  Simoda  in 
Japan,  and  at  PeePs  Island. 

The  San  Francisco  curve  presents  three  sets  of  waves  of  short  inter- 
val. The  first  begins  at  about  4**-  12"-,  and  ends  at  &"'  52"-,  the  inter- 
val being  4**-  40"*  The  second  begins  at  about  9'''  35*"-,  and  ends  at 
j3h.  45m.^  ^jjQ  interval  bebg  4*'-  10™-  The  beginning  of  the  third  is 
about  13}  hrs.,  and  its  end  is  not  distinctly  traceable. 

The  crest  of  the  first  large  wave  of  the  three  sets  occurred  at  the 
respective  times  of  4**-  42"*-,  9"'  54'"-,  and  14**-  l?"-,  giving  intervals  of 
&^  12"-  and  4'»-  23'»- 

The  average  time  of  oscillation  of  one  of  the  first  set  of  waves  was 
35"^',  of  one  of  the  second  31""',  and  of  one  of  the  third  about  the  same. 
The  average  height  of  the  first  set  of  waves  was  .45  of  a  foot  on  a  tide 
which  fell  two  feet,  of  the  second  .19  of  a  foot  on  a  tide  which  rose 
three  feet,  of  the  third  somewhat  less  than  .10  of  a  foot  on  a  tide 
which  fell  some  seven  feet.  The  phenomena  occurred  on  a  day  when 
the  diurnal  inequality  of  the  tide  was  very  considerable.  The  greatest 
fall  of  the  tide  during  the  occurrence  of  the  first  set  of  waves  was  .70 
f\.,  and  the  corresponding  rise  .60  ifl.  In  the  second,  the  corresponding 
quantities  were  .30  fl.,  and  in  the  third,  .20  ft  These  waves  would 
not  have  attracted  general  attention. 

There  is  a  general  analogy  in  the  sequence  of  the  waves  of  the 
three  sets,  which  seems  to  mark  them  as  belonging  to  a  recurrence  of 
the  same  series  of  phenomena.  In  the  diagram  No.  3,  A  (see  Plate), 
the  heights  of  the  successive  waves  of  the  first  set  at  San  Francisco 
are  shown  by  the  dots  joined  by  full  lines,  and  of  the  second,  by  those 
joined  by  the  fine  dotted  lines.  The  full  lines  show  the  heights  of  the 
first  series  at  San  Diego,  and  the  broken  lines  the  heights  of  the  sec- 
ond. The  heights  in  hundredths  of  a  foot  are  marked  at  the  side  of 
the  diagram,  and  those  of  the  successive  waves  are  placed  at  regular 
intervals,  the  waves  being  numbered  from  0  to  7  at  the  top  of  the 
diagram.    The  height  is  the  me^n  of  the  fall  from  a  crest  to  a  hollow, 
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and  of  the  succeeding  rise  from  the  same  hollow  to  the  next  crest. 
The  times  of  oscillation  from  one  crest  to  the  next  succeeding  aret 
placed  on  the  same  diagram,  the  times  heing  written  at  the  right  hand, 
and  the  wave  heing  designated  at  the  lower  part  of  the  diagram 
Na  3,  B.  The  full  line  represents  the  times  of  the  first  series  at  San 
Francisco,  and  the  broken  line  the  times  of  the  second.  The  full 
and  broken  faint  lines  represent  the  times  of  the  first  and  second 
series  at  San  Diego.  The  intervals  between  the  times  of  occurrence 
of  the  crests  of  the  successive  waves  in  the  first  and  second  series 
diminish  from   5^'   lO"*  to  4'*-  48™'  by  irregular  differences. 

The  effect  of  the  rising  or  falling  tide  upon  which  these  waves  occur 
is  of  course  greater  in  disturbing  the  heights  than  the  times. 

The  series  itself  looks  like  the  result  of  several  impulses,  not  of  a 
single  one,  the  heights  rapidly  increasing  to  the  third  wave,  then  di- 
minishing as  if  the  impulse  had  ceased,  then  being  renewed,  then 
ceasing,  leaving  the  oscillation  to  extinguish  itself. 

If  we  had  a  good  scientific  report  of  the  facts  as  they  occurred  at 
Simoda,  the  subject  would  lose  the  conjectural  character  which  must 
otherwise  belong  to  it.  Although  we  have  no  account  of  the  place 
where  the  earthquake  had  its  origin,  the  violence  of  its  effects  in  Japan, 
and  the  diminished  effects  at  PeePs  Island,  show  that  Japan  was  cer- 
tainly not  far  from  the  seat  of  action. 

Five  successive  waves  of  considerable  height  are  spoken  of  as  having 
occurred  at  Simoda,  while  by  the  gauge  we  trace  eight,  of  which  seven 
are  of  considerable  height.  The  highest  wave  at  Simoda  was  esti- 
mated at  thirty  feet;  at  PeePs  Island,  fifteen  feet;  —  at  San  Francisco 
it  was  0.65  fl.,  and  at  San  Diego  in  the  first  series,  0.50  f\. 

At  San  Diego  the  same  three  series  of  waves  are  distlnctiy  shown. 
The  first  begins  1***  22*"*  later  than  at  San  Francisco,  correction  having 
been  made  for  the  difference  of  longitude,  and  ends  O***  52'"*  later. 
The  interval  is  30"*  less  than  at  San  Francisco,  the  oscillations  being 
rather  shorter  than  at  the  last-named  point.  The  second  begins  at 
0^  54"*'  later  than  at  San  Francisco,  and  ends  34""'  later.  The  third 
begins  about  54**  later  than  at  San  Francisco.  The  average  time  of 
oscillation  of  the  first  set  of  waves  is  31"',  and  of  the  second  29"'-, 
being  respectively  4"^*  and  2"*'  less  than  of  the  corresponding  series  at 
San  Francisco. 

The  average  height  of  the  first  set  of  waves  was  0.17  ft,  lower  than 
14 
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at  San  Francisco,  and  of  the  second  as  much  higher.  This  fact,  taken 
with  the  difference  in  the  times  of  oscillation,  leads  me  to  suppose  the 
difference  in  the  two  series  due  to  interference,  which  is  abo  suggested 
by  the  position  of  San  Diego  in  reference  to  the  islands  separating  the 
Santa  Barbara  Sound  from  the  ocean. 

The  general  analogy  in  the  succession  of  heights  of  the  mean  of 
the  two  series,  as  shown  in  diagram  No.  3,  C,  and  in  the  times,  as 
shown  in  D  of  the  same  diagram,  is  very  satisfactory. 

The  difference  in  the  periods  of  the  tide  at  which  the  waves  occurred 
would  tend  to  cause  discrepancies. 

The  first  series  occurred  on  a  rising  tide  of  4  feet,  while  at  San 
Francisco  it  was  upon  a  falling  one  of  2  feet.  The  second  began 
near  high  water,  and  was  chiefly  upon  a  falling  tide  of  7  feet ;  while 
at  San  Francisco  it  was  upon  a  rising  tide  of  4  feet 

The  forms  of  some  of  the  individual  waves  in  the  second  series  at 
San  Francisco  and  San  Diego  accord  remarkably,  as  those  marked  1, 3, 
4,  5,  and  6,  when  reduced  to  the  horizontal  line.  The  comparison  on 
the  curve  where  the  distortion  remains  is  also  very  instructive.  The 
waves  marked  1,  4,  6,  and  7  are  not  unlike  in  the  first  and  second  sets 
at  San  Diego. 

The  observations  at  San  Diego  confirm  then,  in  general,  the  infer- 
ences derived  from  those  at  San  Francisco. 

The  register  at  Astoria  throws  no  new  light  upon  the  subject.  The 
bar  at  the  entrance  of  the  Columbia  River  would  explain  why  the  oscil* 
lations  were  lost  or  greatly  reduced  at  Astoria,  even  if  they  arrived  ofiT 
the  entrance  of  the  river.  The  disturbance  is  marked  on  the  register, 
but  in  an  irregular  and  confused  manner.  It  was  also,  apparently, 
preceded  by  unusual  oscillations  of  the  water. 

AAer  allowing  for  the  very  free  action  of  the  float  of  the  San  Diego 
gauge,  there  appear  to  have  been  indications  of  disturbance  previous 
to  the  great  earthquake  shocks  and  following  them,  occurring  at  inter- 
vals for  several  days  after  the  23d  of  December.  The  San  Francisco 
gauge  presents  similar  indications. 

No  special  effect  appears  to  have  been  produced  upon  the  time  or 
height  of  high  or  low  water  by  the  earthquake,  which  merely  caused 
series  of  oscillations  upon  the  great  tidal  wave. 

I  now  proceed  to  draw  from  these  results  some  conclusions  as  to  the 
progress  of  the  ocean  wave  accompanying  the  earthquake. 
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The  latitudes  and  longitudes  of  the  places  referred  to  are  as 


follows:  — 

San  Diego,     . 

LMhiideN. 

o         / 

.    32  ^ 

LoBCiMda. 

117    18 

w. 

h.     m. 

7  49 

San  Francisco, 

.    37  48 

122  26 

8  10 

Simoda,    ...    34  40  221     2  14  44 

The  distance  from  San  Diego  to  Simoda  from  these  data  is  4,917  nau- 
tical miles,  and  from  San  Francisco  to  Simoda,  4,527  nautical  miles. 

According  to  one  account,  the  disturbance  began  at  Simoda  at 
9  A.  M.,  or  22^'  23*^  44""*  Greenwich  mean  time,  and  the  first  great 
wave,  half  an  hour  after.  The  first  disturbance  at  San  Francisco  was 
at  23*-  4*"  12"-,  or  12»»-  28'»-  after  that  at  Simoda,  and  the  first  great 
wave  at  23*^*  4^*  42*"*,  giving  the  same  interval.  The  distance  and 
time  from  this  account  give  for  the  rate  of  motion  of  the  wave  363 
miles  per  hour,  or  6  miles  per  minute.  The  second  account  would 
give  for  the  time  of  tmnsmission  12^*  13*"*,  and  for  the  rate  of  motion 
370  miles  per  hour,  or  6.2  miles  per  minute. 

The  San  Diego  observations  give  for  the  time  of  transmission  of 
the  wave  from  Simoda  to  San  Diego  13'''  50""  by  the  first  account, 
which,  combined  with  the  distance,  gives  355  miles  per  hour,  or  sen* 
sibly  the  same  result  as  derived  from  the  beginning  at  San  Francisco. 
The  first  great  wave  would  give  identically  the  same  result 

From  the  results  obtained,  we  may  determine  the  mean  depth  of  the 
Pacific  Ocean  in  the  path  of  the  earthquake  waves.  We  have  found 
for  the  rate  of  motion  from  6  to  6.2  miles  per  minute,  and  for  the 
duration  of  an  oscillation  35  minutes  at  San  Francisco,  and  31  at  San 
Diego.  This  would  give  for  the  length  of  the  wave  on  the  San  Fran- 
cisco path  210  to  217  miles;  and  on  the  San  Diego  path,  186  to  192 
miles.  A  wave  of  210  miles  in  length  would  move  with  a  velocity  of 
6  miles  per  minute  in  a  depth  of  2,230  fathoms  (Airy,  Tides  and 
Waoes^  Encyc.  Metrop.,  p.  291,  Table  11.) ;  one  of  217  miles,  with  a 
velocity  of  6.6  miles  per  minute  in  a  depth  of  2,500  fathoms.  The 
corresponding  depth  on  the  San  Diego  path  is  2,100  fathoms. 

The  disturbance  of  the  25th  of  December  presents  at  San  Francisco 
three  sets  of  waves  of  seven  each,  and  at  San  Diego  one  set  of  seven, 
agreeing  in  their  general  features  with  those  at  San  Francisco,  and 
then  a  set  of  seventeen,  in  which,  at  first,  intermediate  waves  seem  to 
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be  wanting  at  San  Francisco,  or  which  have  no  analogous  oscillations 
there.  The  crests  of  the  first  set  occurred  at  a  mean  about  17** 
earlier  at  San  Diego  than  at  San  Francisco ;  the  heights  on  the  average 
were  nearly  the  same,  being  0.39  ft.  at  San  Diego  and  0.44  ft,  at  San 
Francisco,  and  the  time  of  oscillation  at  the  two  places  the  same, 
namely  41"'  The  origin  of  the  disturbance  was  probably  nearer  to 
San  Diego  than  to  San  Francisco. 


4.  Discussion  op  the  Secular  Vabiation  in  the  Magnetic  Dec- 
lination ON  THE  Atlantic  and  Gulf  Coast  op  the  United 
States,  fkom  Observations  in  the  17th,  18th,  and  19th 
Centuries.  By  Charles  A.  Schott,  U.  S.  Coast  Survey.  [Ab- 
stract from  a  Report  to  the  Superintendent  of  the  Coast  Survey, 
dated  July  6th,  1855,  and  communicated  by  authority  of  the  Treas- 
ury Department] 

This  investigation  was  undertaken  with  a  view  of  deducing  the  re- 
duction to  the  same  epoch  of  any  of  the  Coast  Survey  observations  for 
magnetic  declination,  and  also  with  a  view  of  predicting  or  calculating 
the  declination  for  positions  occupied  prior  to  the  present  time,  as  well 
as  to  restore  from  present  observations  the  declination  at  some  earlier 
date. 

The  extensive  use  of  the  compass  in  the  surveys  of  public  lands 
renders  a  knowledge  of  the  law  of  change  in  the  direction  of  the 
needle  during  this  and  the  latter  half  of  the  last  century  an  object  of 
great  importance,  the  aid  of  which  law  is  not  unfrequently  required 
in  legal  proceedings.  Though  an  investigation  of  the  observations 
taken  during  the  last  decennium  would  have  furnished  approximate 
results  for  the  immediate  purposes  of  the  survey,  yet  it  is  apparent 
that  no  general  law  could  be  deduced  in  this  way,  and  it  became 
necessary  at  once  to  include  all  available  material,  from  the  earliest 
time  to  the  present.  The  discussion  is  based  upon  180  observations 
taken  at  stations  distributed  over  the  Atlantic  and  Gulf  coast. 

In  reference  to  terrestrial  magnetism  in  general.  Professor  Hansteen 
has  lately  published  his  investigations  on  the  secular  variation  of  the 


PHT8IC8  OF  THE  GLOBB.  161 

magnetic  inclination)  in  the  Astronomische  Nachrichten^  Nos.  947, 948, 
and  954.  (See  for  a  short  ahstract,  Comptes  Rendus^  Tom.  XL.  No.  15.) 
The  appearance  of  this  paper,  and  the  necessity  of  the  reduction  of 
oar  observations  for  declination  published  in  the  Superintendent's 
annual  report  for  1854,  gave  a  new  impulse  to  this  and  similar 
inyestigations. 

Beyond  the  fact  of  the  nearly  stationary  condition  of  the  direction 
of  the  needle  about  the  commencement  of  this  century  in  the  North* 
eastern  States,  and  the  observed  increase  of  westerly  declination  in 
opposition  to  the  former  decrease  of  the  same  in  the  New  England 
States,  litde  was  known  in  reference  to  the  law  of  the  secular  change, 
either  in  time  or  in  geographical  relation.  It  is  to  Dr.  Bowditch  and 
Professor  Loomis  that  we  are  mostly  indebted  on  this  subject ;  to  the 
former  for  having  called  attention  to  the  phenomenon  at  the  time  when 
the  change  from  the  direct  to  the  retrograde  motion  took  place,  to  the 
latter  for  a  collection  of  numerous  observations  of  magnetic  declinations 
in  the  United  States,  and  also  for  two  charts  of  isogenic  lines  for  the 
years  1838  and  1840.  Professor  Loomis  states  that  all  the  observations 
indicate  a  retrograde  motion  of  the  needle,  which  commenced  as  early 
as  1819,  and  in  some  places  perhaps  as  early  as  1793.  ^^  The  present 
(1840)  annual  change  of  the  variation  is  about  2  minutes  for  the 
Southern  States,  4  minutes  for  the  Middle,  and  6  for  the  New  England 
States."  (See  Silliman's  Journal  of  Science  and  Art,  Vol.  XXXIX., 
1840.) 

In  the  followmg  discussion  I  have  used  nearly  all  the  data  I  was 
able  to  collect.  There  can  be  no  doubt  that  much  additional  informa- 
tion might  be  obtained  from  the  surveys  of  public  lands,  as  their  re- 
salts  generally  are  derived  from  a  number  of  observations  at  different 
places,  and  for  this  reason  are  more  likely  to  be  free  from  any  local 
deviation,  the  effect  of  which  is  more  to  be  guarded  against  than 
errore  of  observation.  Results  obtained  by  the  ordinary  surveyor's 
compass  thus  show  at  the  stations  Providence,  Hatboro\  and  others, 
the  best  agreement.  In  order  to  obtain  reliable  results  for  the  sec- 
ular change,  it  is  essential  that  the  observations  should  be  made  at  the 
same  spot ;  but  this  is  seldom  the  case,  and  to  this  circumstance  dif- 
ferences, amounting  in  some  instances  to  half  a  degree  and  more, 
most  be  attributed. 

The  observatioDs  at  stations  mentioned  in  the  following  pages  have 
14* 
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been  discussed  in  three  difierent  ways,  depending  on  the  dates  of  their 
commencement  and  termination.  Those  prior  to  the  middle  of  the 
eighteenth  century  require,  as  will  be  seen  in  the  discussion,  a  function 
involving  an  additional  term  in  the  expression  for  the  declination ;  to 
this  class  belong  the  stations  Providence,  R.  I.,  Hatboro\  Pa.,  and 
Philadelphia.  Others  reaching  as  far  back  as  these  are  too  discordant 
for  use.  Observations  taken  on  shipboard  are  unreliable  on  account 
of  local  attraction,  and  hence  have  not  been  employed  in  the  discus* 
sion.  The  second  class  includes  observations  made  subsequent  to  the 
middle  of  the  eighteenth  century  at  the  three  stations  before  named,  and 
at  seven  others,  and  reaching  to  the  present  time.  The  third  class  in- 
cludes all  stations  having  two  or  more  observations  of  comparatively 
recent  date ;  and  these,  as  may  be  remarked,  are  less  important  for 
deducing  the  secular  change  than  for  the  construction  of  the  isogenic 
lines. 

Throughout  the  discussion,  westerly  declination  has  been  considered 
as  positive,  and  easterly  as  negative.  The  formulas  used,  being  the 
same  for  all  stations,  require  but  once  to  be  explained,  and  are  given 
in  full  in  the  discussion  of  the  first  station  of  the  first  and  second 
class.  All  observations  have  been  scrutinized,  and  the  references  are 
affixed  to  the  results.  The  separate  heads  into  which  the  subject 
divides  itself  are  as  follows :  — 

a.  Discussion  of  the  secular  change  at  stations  with  reliable  ob- 
servations dating  prior  to  about  the  year  1740. 

b.  Discussion  of  the  secular  change  at  stations  with  reliable  ob- 
servations dating  after  that  time. 

e.  Statement  of  results  from  comparatively  recent  observations. 

d.  Establishment  of  formulse  expressing  the  secular  variation  of  the 
magnetic  declination  at  any  place  within  the  limits  of  the  discussions. 
Synopsis  of  results,  and  general  remarks. 

We  commence  with  the  discussion  of  the  observations  comprised 
under  the  head  a. 

a.  Discussion  of  the  Secular  Variation  of  the  Magnetic  Declina- 
tion^ from  the  oldest  reliable  Observations^  viz.  those  recorded  at 
Providence^  R.  /.,  Hatboro\  Pa.y  and  Philadelphia. 

The  first-named  set  includes  30  observations  made  between  1717 
and  1845;  the  second,  commencing  with  the  year  1680,  presents  18 
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observations  made  at  equal  intervals,  terminating  with  the  year  1650 ; 
the  third  contains  10  observations  recorded  between  the  years  1701 
and  1847. 

Method  and  Formuhz  fir  the  Reduction, 

The  magnetic  declination  D  at  the  time  t  may  be  expressed  by  the 
following  series : 

D^d,  +  y{iJ^t,)  +  %{i-t,y  +  u{t-uy^ 

where  y  zu,.,.  are  unknown  co-efficients  and  D  becomes  d^  when 
t  equals  to. 

Putting  do  =  ^i  +  ^>  where  a;  is  a  small  correction  to  the  assumed 
value  dy  and  omitting  the  4th  and  higher  powers  of  the  time,  the 
above  equations  become 

D=^d^+x  +  y{t-t,)  +  x{t^to)'  +  u(t  —  toy. 

If  we  assume  for  ^  the  commencement  of  any  year,  and  for  di  the 
supposed  corresponding  declination  (expressed  in  degrees  and  deci- 
mals), then  each  observed  value  for  D  at  the  time  t  furnishes  an  equa- 
tion of  the  form 

0^d,  —  D  +  x  +  y{t  —  to)+%{t  —  toy  +  u{t  —  to)\ 
and  known  as  a  conditional  equation.     By  application  of  the  method 
of  least  squares,  we  form  the  normal  equations,  and  obtain  the  co- 
efficients X,  y,  2,  u. 

The  above  formula  is  capable  of  giving  two  maxima  and  two 
minima,  whereas  the  omission  of  the  third  power  would  give  but  a 
minimum,  and  this,  as  we  know  from  observation,  took  place  about 
the  commencement  of  this  century.  The  omission  of  the  term  in- 
volving the  third  power  constitutes  the  difierence  of  the  classifications 
a  and  h. 

The  year  1830  has  been  assumed  throughout  the  discussions  for  the 
arbitrary  value  to,  for  a  reason  which  will  appear  in  the  comparison  of 
the  results  at  different  stations. 

Let  Co  be  the  probable  error  of  a  single  observation, 
ft,  the  number  of  observations, 
A,  the  difference  of  observed  and  computed  values ; 

n  —  4 

Differentiating  the  equation 


164  A.    MATHEMATICS    AND    PHYSICS. 


we  obtain  the  condition  for  the  maximum  and  minimum : 

a  t 
Changing  t  into  r  and  r*  for  the  time  of  the  minimum  and  maximum, 
we  find, 

,.^_^+   |/^V_JL,andr'  =  <o-f-   ITJ^-f  - 
3M^^\3tt/        3tt  3m     ^V3«/      3tf 

The  point  of  inflexion,  or  the  time  of  maximum  annual  variation, 

will  be  found  by  putting  the  second  difierential  co-efficient  zero : 

i!I5-2»  +  6«(/-t.)-0. 
a  r 

Changing  t  into  r"  for  the  time  of  maximum  annual  variation,  we 

have  ,, .         % 

3tf 

The  maximum  declination  d  becomes  known  by  substituting  r'  for  t 

in  the  formula  for  D. 

The  first  differential  co-efficient  gives  the  formula  for  the  annual 

variation  v, 

v  =  y  +  2z(t  —  t.)'\'Su{t  —  tf,y. 

Substituting  r"  for  t,  we  find  the  maximum  annual  change  V, 

We  have  next  to  find  the  probable  errors  of  the  quantities  «,  y,  2, 11, 

r,  r',  r'^  &c.,  by  forming  the  weight-equations,  which  will  give  the 

necessarily  positive  quantities  Qi,  Qs,  Q„  Q4. 
€  expresses  generally  a  probable  error,  and  its  index  indicates  to 

which  quantity  this  probable  error  refers.    We  have 

To  find  the  probaUe  error  of  r,  r',  r",  we  difierentiate  the  expres- 
sion for  r,  T*,  r"  in  regard  to  the  variables  «,  y,  z,  tt : 

6uA     *      V3u-18uM/       ^V8u'+    2A     j       ' 
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3a       ^3a«       ' 
in  which  expressions  il  ==   I  (  —  j  —  -?-• 
For  the  above  equations  we  can  substitute 

dT'  =  l^^dy^k'  dz+h'du; 
£iT"=  Ji'dz  +  h''  du\ 

hence, 

€^  __  \li  t  V  ^  +  ?8  ?i  o  «x  +  ^  t  ««  '« ; 

V=  V^t'  W  ^  *,+  ?«'  ?a'  €,  *,  +  V  V  €«  €,; 

€^.=  V^"  4"  *,  ',  +  V'  ?»"  *«  c. ; 
The  differential  equation 

gives  the  value  for 
Finally,  we  have 

By  means  of  these  formulse  the  observations  have  been  discussed. 

Discussion  of  the  Secdcar  Change  at  Providence^  R.  L 

This  is  a  very  important  station,  both  in  regard  to  the  number  and 
the  agreement  of  the  observations.  In  Vol.  XLIV.  of  Silliman's 
Journal  of  Science  and  Art,  1843,  a  series  of  observations  have  been 
published,  under  the  title,  "  The  Variation  of  the  Magnetic  Needle  at 
Providence,  R.  I.,  from  A.  D.  1717  to  1843,  by  M.  B.  Lockwood, 
C.  E.,  from  actual  Observations  on  Record,  and  recorded  Bearings  of 
a  Number  of  Objects." 

Providence  is  in  lat.  41*  49'  and  long.  71"  24'  W. 

These  observations,  when  treated  by  the  method  just  explained,  are 
best  represented  by  the  formula 

D  =  +7^437+  0.08643  {t  —  1830)  +  0.0015055  {t  —  1830)« 
+  0.000005100  {t  —  1830)'. 

The  following  table  shows  the  differences  between  the  observed  and 
computed  declinations :  — 
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1 

JDobMTred. 

JDcompotMl. 

A 

A» 

1717 

+  9.60 

+  9.64 

+  0.04 

0.0016 

1720 

+  9.47 

+  9.46 

—  0.01 

0.0001 

1730 

+  8.92 

+  8.85 

—  0.07 

0.0049 

1740 

+  8.28 

+  8.22 

—  0.05 

0.0025 

1750 

+  7.67 

+  7.62 

+  0.05 

0.0025 

1760 

+  6.99 

+  7.08 

+  0.09 

0.0081 

1770 

+  6.49 

+  6.63 

•f  0.14 

0.0196 

1780 

+  6.27 

+  6.29 

+  0.02 

0.0004 

1790 

+  6.18 

•f  6.10 

—  0.08 

0.0064 

1800 

+  6.25 

+  6.09 

—  0.16 

0.0256 

1810 

+  6.40 

+  6.29 

—  0.11 

0.0121 

1820 

+  6.66 

-♦-  6.73 

+  0.07 

0.0049 

1830 

+  7.19 

+  7.44 

+  0.25 

0.0625 

1840 

+  8^2 

+  8.45 

+  0.03 

0.0009 

1842 

+  8.65 

+  8  69 

+  0.04 

0.0016 

1844.8 

+  9.25 

+  9.05 

—  0.20 

0.0400 

Treating  the  observations  at  the  other  stations  in  a  similar  manner, 
we  obtain  the  following  results :  — 

Sifficpsii  of  RauItB  at  the  StaOani  Prooidencej  ffaiboro',  and  PMladdphia, 

FTOYidence,   .    .    .     D  =  +  7<'.439-|-0.08543(<— 1830) +0.001505  (<  — 1830)' 

+  0.00000510  («  — 1830)'. 
Hatboro»,   ....     Z)= +20.683 +  0.07211  («— 1830) +0.001749  (t—1830)« 

+  a00000675  (<  -*  1830)^ 
FhOadelphia, .    .    .     Z)» +  20.573 +  0.06582  (£  —  1830) +0.001838  (<— 1880)* 

+  0.00000742  (t  — 1830)». 

For  tj  any  year  might  be  substituted  between  1670  or  1660  and  the 
present  time.  The  agreement  of  the  co-efficients  is  satisfactory,  at 
the  same  time  exhibiting  their  dependence  on  the  geographical  posi- 
tion of  the  stations. 


Proyidenoe,  . 
Hatboro*,.    . 
PhiladdphlA, 

»=r  +  o!o85  +  0.00301(e  — 1830) +0.0000153  («  —  1830)«    .    8.8 
i;  =  +  0.072  + 0.00350  (e— 1830) +  0.0000203  («—1830)«     .    4.8 
t;=  +  0.066  +  O.OOS68(t— 1830) +0.0000223  (<  — 1830)'    .    5.2 

r              r' 

T^'               d               d        Bmoge. 

PTOYidenoe,    . 
Hatboro*,  .    * 
Philadelphia, . 

.    .    1795.6      1667.7 

.    1806.1       1681.3 

.    .     1809.5       1688.3 

1731.6      +11.5      +6.1       5.4 
1743.6      +    8.5       +1.9      6.6 
1747.4      +   9.0      +1.9      7.1 

Providcncei    , 
Hatboro*,   . 
Philadelphia, . 

€0                    *, 

±     5'     ±  0.035 
.     ±  11      ±  0.077 
.     ±  24      ±  0.179 

«y                                                 €,                                                         €, 

±  0.00199      ±  0.000057      ±  0.00000044 
±  0.00414      ±  0.000040      ±  0.00000070 
±  0.01100      ±  0.000250      ±  0.000002$0 

«Tl 

't« 

•r 

±    9.6  yean. 

±    9.3  yean. 

±i:o 

±    6.0     " 

±  12.9    " 

±  1.0 

±  26.5     " 

±  26.9    " 

±  4.0 
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Fiovideiioe,    .    .    .    .    ±    6.1  yean. 

Hatboro\ ±  19.3    « 

Fhiladeiphia,      .    .    .     ±  16.7    '« 

According  to  the  results  deduced  from  the  observatioiis  made  at 
these  three  stations,  the  minimum  declination  took  place  in  1804  ±  9 
years.  At  this  time  the  needle  had  approached  nearest  to  the  true 
north,  the  western  declination  heing  greater  before  and  after  this  time. 
The  maximum  variation  appears  to  have  occurred  in  1679  ±  10 
years.  Hence  the  duration  of  half  an  oscillation,  if  we  are  allowed 
to  draw  the  inference,  would  be  125  yeafs  ±  15 ;  but  this  must  at  pres- 
ent be  considered  as  speculative.  The  uniformity  in  the  epoch  of 
the  minimum  for  a  great  geographical  extent  in  a  north  and  south 
direction,  as  we  shall  see  farther  on,  would  lead  to  the  inference  of  a 
constant  duration  of  half  an  oscillation  in  the  geographical  direction 
indicated.  At  Paris  and  London  the  maximum  of  eastern  declination 
(equivalent  to  a  minimum  of  western)  took  place  about  1680,  and  the 
maximum  of  western  declination  about  1815,  with  a  range  of  not  less 
than  34^,  while  the  average  range  at  the  above  three  stations  is  but 
6".  The  maximum  of  westerly  declination  in  the  northwestern  part 
of  Europe,  therefore,  took  place  nearly  simultaneously  with  the  min* 
imum  westerly  declination  on  the  eastern  coast  of  the  United  States. 
I  shall  return  to  this  subject  after  the  discussion  of  the  observations 
comprised  under  the  head  h.  The  maximum  annual  variation  V  took 
place  in  1741  ±  10  years,  and  if  after  an  equal  interval  of  time 
r  —  T^',  or  63  years,  the  greatest  annual  change  should  again  take 
place,  we  must  expect  it  about  the  year  1867  db  15  years.  Observa- 
tions  made  during  the  present  year  indicate  an  increasing  change,  so 
far  supporting  this  conjecture.  The  average  value  of  V  for  the  three 
stations  is  4'.6,  showing  at  the  same  time  an  increase  with  an  ap« 
proach  to  the  line  of  no  variation. 

(.  Discussion  of  the  Secular  Variation  of  Magnetic  Declination 
from  reliable  Observations  dating  subsequent  to  the  Year  1740, 
with  others  made  prior  to  that  Time. 

From  the  preceding  discussion,  it  is  obvious  that  all  the  observations 
after  the  time  ^*  can  be  represented  by  an  equation  of  the  second 
degree,  which  will  give  the  epoch  of  the  minimum,  its  corresponding 
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and  all  other  declinations  between  that  time  (the  former  point  of  in- 
flection of  the  curve)  and  the  present  This  formula  will  apply  up  to 
the  time  of  a  second  point  of  inflection,  yet  to  be  observed. 

Although  this  class  includes  stations  with  observations  reaching 
considerably  beyond  the  middle  of  the  eighteenth  century,  yet  for 
want  of  general  conformity  such  have  been  omitted  in  the  discussion. 
For  the  purpose  of  a  ready  comparison  of  the  co-efficients  of  the 
terms  involving  the  interval  of  time  for  the  several  stations,  and 
for  the  purpose  of  ascertaining  their  change  with  reference  to  geo- 
graphical position,  a  rediscussion  of  the  preceding  three  stations 
becomes  necessary,  in  which  the  observations  after  1740  alone  are 
used. 

The  stations  have  been  arranged  in  the  order  of  their  geographi- 
cal position,  commencing  with  the  observations  in  the  New  England 
States. 


No. 

Observationi 

Number  of 

Stttion. 

included  between 

Observations. 

1 

Boston,  Mass. 

1700  and  1847 

8 

2 

Cambridge,  Mass. 

1708     «    1855 

20 

3 

Providence,  R.  I. 

1740    •*     1845 

25 

4 

New  Haven,  Conn. 

1761     "    1849 

13 

5 

New  York,  N.  Y. 

1609     "     1846 

12 

7 

Hatboro',  Pa. 

1750    "     1850 

11 

6 

Philadelphia,  Pa. 

1750     "     1846 

8 

8 

Charleston,  S.  C 

1775     «     1849 

5 

9 

Mobile,  Ala. 

1809     «    1850 

5 

10 

Havana,  Cuba, 

1726    "     1850 

3 

Treating  these  observations  by  the  preceding  formuls,  we  find  the 
following  results :  — 

S^ptis  of  Results  of  the  Discussion  for  Secular  Variation  at  the  10  preceding  Stations, 


No. 

Sution. 

Lat. 

Long. 

Declination. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Boston, 

Cambr. 

Provid. 

N.  Haven, 

N.  York, 

Hatboro', 

Philadel. 

Chariest 

Mobile, 

Havana, 

o      / 
42  20 
42  23 
41  49 
41  18 
40  43 
40    7 
39  58 
32  45 
30  14 
23    9 

O       1 

71    2 
71    7 

71  24 

72  55 

74  0 

75  8 
75  10 
79  51 
88    0 
82  22 

D  =  +8°356+0  0647  (<  — 1830)+0.000624(<  — 1830)« 
Z>  =  +  8.553+0.0702  (t  — 1830)4-0.0007200  — 1830}* 
D  =  +7.5754-0.0764|«— 1830)-HO.000959ft  — 1830)* 
D  =  +5  395+0.0500(«  — 1830)+0.000857  (<  — 1830)« 
Z>  =  +  5.07 1  +0.0642  (<  —  1 830)+0.000944  (<—  1 830)* 
Z>  =  +  2.861+0  0683(«—1830)+0  001169  (f— 1830)* 
D  =  +  2.599+0.0684(<  — 1830)+0.001340  («  — 1830)* 
D  =  —  3.330+0.0485  (t  —  1 830)+0.000722  (f— 1830)* 
Z)  =  —  7.238+0.0072  (t  — 1830) +0.000 123  («— 1830)* 
Z>  =  —  6.076+0.0098(  /  — 1830) +0.000255  {t  — 1830)* 
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I 

aaUdo.          ,^ 

r 

«r 

d 

1 
AnDUol  Variation. 

)    3 

1    ^ 

Boston, 
Cambr. 
Provid. 
N.  Haven, 
N.  York, 
Hatboro', 
Philadel. 
Chariest 

±13 
±  5 
±  8 
±  12 
±  16 
±  8 
±  20 
±   10 

1778.2 
1781.2 
1790.1 
1800.8 
1796.0 
1799.5 
1804.5 
1796.4 
1800.6 

1 

± 
± 
± 
± 
± 

11.3  yrs, 
1.8   " 
2.2    '* 
4.1    " 

6.1  « 

1.2  « 
3.1    " 

o 
+  6.68 
+  6.83 
+  6.05 
+  4.67 
+  3.98 
+  1.87 
+  1.69 
—  4.16 

»  =  +  0°065  +  0.00125  (t  - 
v  =  -\-  0.070  +  0.00144  {t  - 
!;==-*-  0.076  +  0.00192  (<- 
w  =  +  0.050  +  0.00171  (t  - 
»  =  +  0.064  +  0.00189  (e- 
i,  =  -f  0.068  +  0.00224  it  - 
t>  =  +  0.068  +  0.00268  {t  - 
„ L.  0.048  -^  0.00144  it" 

- 1830) 
-1830) 
-1830) 
- 1830) 
-1830) 
-1830; 
- 1830) 
-1830) 
- 1830) 
-1830) 

10 

Mobile, 
Havana, 

1 

(±6) 
(±5) 

—  7.35  w U  0.007  -t  0.00024  (t  — 

1810.8 

1 

—  6.17 

t;  =  +  0.010  +  0.00051  (« - 

1  No. 

j 

Sutlon. 

V  In  180Q. 

'r 

«x 

'y 

U 

1" 

i    I 

Boston, 

+  5.4 

±0.5 

±^ 

±  0.0061 

±  0.00016 

1    2 

Cambridge, 

-h  5.9 

±  0.1 

±  2 

±  0.0017 

±  0.00002 

1    3 

Providence, 

+  6.9 

::  0.2 

±  3 

±  0.0028 

±  0.00004 

4 

New  Haven, 

+  5.0 

::  0.4 

±  4 

±  0.0047 

±  0.00009 

1    5 

New  York. 

+  6.2 

±  0.6 

±  7 

±  0.0080 

±  0.00012 

6 

HatboFo', 

+  6.8 

±  0.1 

±  3 

±  0.0008 

±  0.00005 

7 

Philadelphia, 

+  6.8 

±  0.5 

±  8 

±  0.0082 

±  0.00011 

8 

Charleston, 

-h  4.6 

.... 

,     9 

Mobile, 
Havana, 

+  0.7 

.... 

1  10 

+  1.3 

.... 



The  order  in  which  the  stations  have  been  arranged  serves  to  show 
the  dependence  of  the  co-efficients  x  y  z  upon  the  geographical  posi- 
tion of  the  stations ;  but  the  last  two  co-efficients  will  be  investigated 
farther  on,  as  on  these  alone  depends  the  secular  change  and  the  time 
of  the  minimum. 

The  epoch  of  the  minimum  (t)  appears  to  be  subject  to  local  irreg- 
ularities, as  disclosed  by  the  probable  errors  (e^),  and  a  general  law 
or  dependence  on  the  same  cause  is  strongly  marked  as  afiecting 
every  station  on  the  Atlantic  seaboard,  and  is  even  traceable  from  the 
southern  shore  of  Hudson's  Bay  to  Jamaica.  The  mean  r,  without 
regard  to  the  probable  error,  is  1796,  and  when  we  form  the  differ- 
ences, r  —  mean,  the  figures  at  once  show  that  in  the  Eastern  States 
the  minimum  of  magnetic  declination  took  place  about  a  decennium 
earlier,  and  about  the  same  number  of  years  later,  in  the  Eastern  Gulf 
States,  than  in  the  Middle  States.  In  the  last  section  this  geograph- 
ical relation  of  the  co-efficients  y  and  «,  and  of  the  epoch  r,  will  be 
more  fully  investigated.  It  is  no  more  suprising  to  find  local  devia- 
tions in  the  epoch  of  the  minimum,  than  in  the  declination  itself. 
15 
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The  general  flatness  of  the  curves,  as  we  approach  the  Gulf  of 
Mexico,  is  remarkable,  and  induced  me  to  collect  a  few  observations 
for  declination  at  Jamaica,  W.  I.,  lat  17**  68',  long.  76°  46'.    Permanent 
declination  at  Kingston,  Jamaica,  from  1660  to  1800, 6''  30'  £.  (J.  Rob- 
ertson, Phil.  Trans.  Royal  Society,  1806).    Declination  from  a  plan  of 
Kingston,  by  J.  Leard,  in  1791  and  1792, 6""  45'  £.,  and  by  the  same 
authority  in  1789  and  1793,  &*  50'  £.     On  Minories'  map,  published 
in  London,  1854,  the  declination  is  given  4°  40'  E.,  which  is  probably 
for  1833.    Colonel  Sabine,  in  the  Phil.  Trans.  Royal  Society,  Part  11. 
1849,  Contrlb.  IX.,  gives  the  declination  — 3°.8  and  — 4*^.2,  the  mean 
of  which  is  4°  £.  (for  1840  ?)    The  latter  two  determinations  show  that 
there  is  an  end  to  the  permanency  in  the  direction  of  the  needle  since 
the  commencement  of  this  century.     Sir  John  Herschel  says :  ^'  The 
whole  mass  of  West  Indian  property  has  been  saved  from  the  bottom- 
less pit  of  endless  litigation  by  the  invariability  of  the  magnetic  decli- 
nation in  Jamaica  and  the  surrounding  Archipelago  during  the  whole  of 
the  last  century  ;  all  surveys  of  property  there  have  been  conducted 
solely  by  the  compass."     Examining,  on  the  other  hand,  the  declina- 
tions at  Fort  Albany,  at  the  southern  extremity  of  Hudson's  Bay,  lat. 
52"*  22',  long.  82""  38',  we  find  declination  in  1668,  according  to  Hal- 
ley,  19°  15'  W.  (see  Hansteen's  Erdmagnetismus,  Vol.  I.)  ;  declination 
in  August,  1730,  according  to  Captain  Middleton,  23°  0'  W. ;  and  by 
the  same  authority,  declination  in  Sept  1774,  17°  0'  W.     Hansteen's 
map  for  1787  gives  14°  W.,  and  Barlow's  map  for  1833  (Phil.  Trans.) 
3°  W.     We  may  here  particularly  notice  the  maximum,  which  must 
have  taken  place  between  1668  and  1730.    Hence  we  see  that  the 
curves  for  these  extreme  stations  agree  well  in  their  general  character 
with  the  previous  investigation,  which  is  thereby  considerably  expand- 
ed in  the  direction  of  the  meridian,  and  it  becomes  a  matter  of  inter- 
est to  examine  the  same  in  the  direction  of  the  parallel,  which,  how- 
ever, does  not  come  within  the  compass  of  this  paper. 

e.  Statement  of  Results  from  comparative  recent  Observations  and 
Discussion  of  some  Anomalous  Stations. 

The  discussion  at  Burlington,  Vt.,  lat.  44°  28',  long.  73°  14',  has 
shown  that  the  curvature  appears  to  be  greater  than  usual,  and  that 
the  minimum  is  displaced  to  1808  ±  4.  The  observations  are  repre- 
sented by 
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D  =  +8*'.363  +  0.1207  {t  —  1830)  +  0.002765  (t  —  1830)». 

At  Chesterfield,  N.  H.,  lat.  42°  53',  long.  72**  20',  the  same  late 
minimum,  1814.1,  has  been  deduced  by  the  formula, 

D  =  +7^040  +  0.1053  (t  —  1830)  +  0.003289  {t  —1830)'. 

At  Salem,  Mass.,  lat.  42''  31',  long.  70°  54',  the  curvature  is  again 
very  considerable,  as  seen  by  the  co-efficient  of  the  expression, 

D  =  +7°.420  +0.1235  («— 1830)  +0.002137  {t  — 1830)«. 

The  disturbed  region  around  Cape  Ann,  extending  as  far  as  Salem,  is 
also  manifested  in  the  secular  variation. 

At  Nantucket,  Mass.,  lat.  41°  17',  long.  70°  6',  the  observations 
are  represented  by 

D  =  +8°.232  +  0.0612  {t  —  1830)  +  0.000534  {t  —  1830)', 
but  the  minimum  falls  very  early ;  the  formula  gives 

T=  1772.8. 

For  Albany,  N-  Y.,  lat  42°  39',  long.  73°  44',  we  find 

I)  =  +6°.356  +  0.0682  (t  —1830)  +  0.00128  {t  —  1830)', 

and 

r=  1803,4. 

At  Washington,  D.  C,  and  Pensacola,  Fa.,  the  observations  are  as 
yet  too  few  in  number  to  be  submitted  to  a  discussion,  but  this  may  be 
done  as  soon  as  a  new  determination  can  be  had.  The  same  may  be 
said  of  Milledgeville,  Ga.,  Savannah,  Ga.,  and  New  Orleans,  La. 

New  observations  at  the  stations  Burlington,  Nantucket,  Albany, 
and  perhaps  Chesterfield,  will  render  them  available  for  the  general 
discussion.  The  early  minimum  at  Nantucket  is  probably  as  anoma- 
lous as  the  late  minimum  at  Chesterfield.  The  preceding  discussion, 
with  the  exception  of  the  result  at  Nantucket,  tends  again  to  a  later 
minimum  for  stations  to  the  northward  of  New  York  and  Boston. 
The  best  value,  at  present  deducible,  for  the  epoch  of  the  minimum, 
including  the  whole  geographical  extent,  may  be  assumed  to  be  the 
general  mean  of  t,  which  is  1797.2  ±  8.0  years.* 

*  From  obsenrations  down  to  September,  1855,  the  arerage  r  becomes  1797.6 
±1.8  years. 
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d.  Establishment  of  Formula  expressing  the  Secular  Variation  in  the 

Magnetic  Declination  at  any  Place  within  the  Geographical  Limits 

of  Stations  named  in  the  Discussions, 

We  have  seen  that  the  co-efficients  in  the  formula  for  the  magnetic 
declination  depend  upon  the  geographical  position  of  the  station,  and 
it  now  remains  to  express  this  dependence  analytically. 

The  declination  has  been  expressed  by  the  formula 

D=.C+0(t  —  1830)  +  C'  {t  —  1830)", 

where  C  is  a  constant  (the  former  x)  and  C'+  ^"  stands  for  the 
former  co-efficients  y  and  z. 

Now  C  may  be  expressed  by  a  formula  involving  a  constant  term 
and  terms  of  difierences  of  latitude  and  longitude,  namely, 

(7  =  c' +  2 +  y  (^— /^)  +  «  (w— -ftf)  cos /+ u  (/  — Z)«  + v  (m  —  JO'cos*'. 
where  &  is  an  average  value  of  all  the  C,  L  the  mean  latitude,  M  the 
mean  longitude,  and  x,  y^  z,  u,  v,  co-efficients  to  be  determined. 

The  following  table  has  been  formed  from  the  preceding  discussion  : 


Station. 

/ 

m 

10000  C 

lOOOOOOC" 

Boston, 

o 
42.3 

o 
71.0 

647 

624 

Cambridge, 

42.4 

71.1 

702 

720 

ProvideDce, 

41.8 

71.4 

764 

959 

New  Haven, 

41.3 

72.9 

500 

857 

New  York, 

40.7 

74.0 

642 

944 

Hatboro', 

40.1 

76.1 

683 

1169 

PhiladelphU, 

40.0 

75.2 

684 

1340 

Charleston, 

32.8 

79.8 

485 

722 

Mobile, 

30.2 

88.0 

72 

123 

Uavana, 

23.1 

82.4 

98 

255 

Mean, 

Z/=37.5 

3/ =76.1 

c'  =  528 

c"  =  771 

Putting  Z  —  L  =  \j  (m  —  M)cosZ=«/*,  and  c'  —  C'=  A',  we  ob- 
tain the  conditional  equation 

0  =  A'  +  X  +  y  \  +  X  n  +  u\*  +  V  ti\ 

Substituting  the  above  values,  and  forming  the  conditional  and  normal 
equations,  we  find  the  values  for  x^  y^  2,  u,  and  v,  as  follows  : 
a?=-  +79;  y  =  +24;  z  «  +2.5;  u=»  — 0.28;  and  »  =— 3.42. 
Hence  the  expression  for  C  becomes 

C/=:  +  0.0607  +  0.00240  X + 0.00025  /* — 0.000028  X«—  0.000342  /*». 
The  original  equations  are  represented  as  follows  :  — 
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StaUoo. 

C 

C  comp'd. 

/^ 

Boston, 

0.0647 

0.0658 

+  0.0011 

Cambridge, 

0.0702 

0.0663 

_  0.0039 

Providence, 

0.0764 

0.0655 

—  0.0109 

New  Haven, 

0.0500 

0.0668 

+  0.0168 

New  York, 

0.0642 

0.0669 

4-  0.0027 

Hatboro*, 

0.0683 

0.0665 

—  0.0018 

Philadelphia, 

0.0684 

0.0668 

—  0.0016 

Charleston, 

0.0485 

0.0463 

—  0.0022 

Mobile, 

0.0072 

0.0080 

+  0.0008 

Havana, 

0.0098 

0.0114 

+  0.0016 

This  is  a  satisfactory  agreement,  as  appears  from  a  comparison  of 
the  average  prohable  error  €^  (of  a  former  table),  and  the  probable 
error  of  C,  as  deduced  from  the  above  A. 


We  have 


0.674 


J;r=:5' 


±  0.0046,  and  *^ 
:±  0.0063; 

hence  the  above  formula  represents  the  co-efficient  C  nearly  as  close 
as  it  was  itself  deduced  at  the  separate  stations. 

Similarly  the  second  co-efficient  O*  may  be  expressed  by 
C"=c"+x+y(Z— L)+2(m— Jf)cosZ+u(Z— L)«+r(i»— Jtf)'cos«Z 

and 

0  ==  A"  +  a?  +  y  X  +  z  /4  4-  M  X»  +  ©  /4«. 
We  find 

Cff  =  +  0.000850+0.000196  X  +  0.000251  /u  +  0.000008  X*  —  0.000023  /u*. 

This  formula  does  not  represent  the  values  of  C"  as  closely  as  we 
might  have  expected,  yet  differences  of  0.000200  might  have  been 
anticipated  from  an  inspection  of  C"  for  Hatboro'  and  Philadelphia. 
The  greatest  difference  is  for  Providence,  namely,  — 0.000274.  When 
the  station  for  which  C  is  to  be  found  is  situated  within  the  range  of 
the  position  of  the  above  places,  the  formula  may  be  applied ;  yet  it 
will  be  found  preferable  to  make  use  of  a  more  simple  relation  of  the 
co-efficients  C  and  C".  Referring  to  the  table  showing  O  and  0\ 
their  increasing  ratio  is  apparent,  and  putting  C  =  n  C\  we  have  for 


Boston, .... 
Cambridge,  . 
Providence,  . 
New  Haven,  . 
New  York,  .  . 


n  =  0.010 
"  0.010 
"  0.013 
"  0.017 
"  0.015 
15* 


Hatboro', n  =  0.017 

Philadelphia,   .  .    '<     0.018 

Charleston, "    0.015 

Mobile, "    0.017 

Havana, "    0.026 
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which  relation  is  sufRciently  regular  to  allow  the  ioterpolation  of  any 
value  derived  within  its  range. 

O  and  C  being  thus  known,  an  observed  value  of  the  declination 
at  a  given  place  will  determine  the  constant  C,  and  will  enable  us  to 
deduce  the  declination  for  any  time  L    For  this  place  the  epoch  of 

O 

the  minimum  becomes  known  by  the  expression  1830  —  ——t  and  the 

annual  variation  by  r  =  C  +  2  C"  (t  —  1830).  For  want  of  obser- 
vations, the  values  deduced  for  C  and  C*  must  at  present  be  considered 
as  approximations.* 

Before  concluding  this  paper,  it  was  thought  proper  to  refer  to  a  few 
circumstances  closely  related  to  the  preceding  discussion,  and  tending 
to  modify  former  conclusions. 

1.  In  the  Phil.  Trans.  Royal  Society,  Vol.  XL  (abrid.)  from  1755  to 
1763,  we  find  the  paper  on  the  variations  which  Professor  Hansteen 
has  made  use  of  in  the  construction  of  some  of  his  charts  of  isogenic 
lines  in  his  Erdmagnetismus.  The  following  is  an  abstract  of  a 
small  part  of  this  paper,  "  On  the  Variation  of  the  Magnetic  Needle, 
with  a  set  of  tables  exhibiting  the  result  of  upwards  of  50,000  observa- 
tions, in  six  periodic  reviews,  from  the  year  1700  to  the  year  1756, 
and  adapted  to  every  fif\h  degree  of  latitude  and  longitude.  By  W. 
Mountaine  and  J.  Dodson,  F.  F.  R.  S.^^ 


Deolination  in 

Lau 

Long. 

1700. 

1730. 

1744. 

1756. 

o 

o 

o 

Q 

o 

25 
30 

80 
80 

4i  E. 

2^  E. 

31 E. 
IE. 

3    E. 
0 

35 

75 

2;W. 

o 

6JW. 

7    W. 

40 

70 

7    W. 

9  W. 

llJW. 

121  W. 

Now  we  know  ftom  the  preceding  discussion,  that  the  western  dec- 
lination (see  the  two  last  lines  in  the  above  table)  had  been  decrease 
ing  since  1700,  reached  a  maximum  annual  decrease  in  1744,  and 
continued  decreasing  down  to  about  1797,  while  the  above  table  gives 
an  increase  during  this  interval  of  time,  and  is  therefore  entirely  at 
variance  with  the  observations  taken  on  land.     From  this  cause  some 


*  From  obsenrations  down  to  September,  1855,  the  following  expression  of  O  is 
deduced :  C'=  +  0.0556  —  0.00104  X  ^  0.00444  /i  —  0.000165  il'— 0.000008  /i'. 
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of  the  geographical  representations  in  the  Erdmagneiismus  based 
thereon  require  considerable  corrections. 

2.  The  rate  of  secular  change  used  for  the  lines  of  equal  magnetic 
declination  in  the  Atlantic  by  Colonel  Sabine,  Phil.  Trans.  Royal  Society, 
1849,  was  derived  from  comparison  with  the  map  of  declinations  for 
1787  in  Professor  Hansteen's  work  referred  to  above.  This  assumes 
a  uniform  progressive  rate  of  the  secular  change,  which,  though  appli- 
cable for  other  places,  St.  Helena  for  instance  (see  Colonel  Sabine^s 
paper,  read  May  18th,  1854) ,  is,  as  we  have  seen,  entirely  inadmissi- 
ble on  our  Atlantic  coast,  and  may  even  give  no  rate  at  all  for  the 
tune  of  the  maximum  rate.  In  consequence  of  this,  the  rates  deduced 
in  Table  No.  X.  Trans,  of  1849  are  very  much  in  error,  and  affect 
more  or  less  the  resulting  isogenic  lines  depending  on  it.  For  lat.  40^ 
long.  75°  the  table  gives  an  annual  variation  for  1840  =  (K.O,  when  it 
should  be  +5'.7. 

3.  In  Professor  Hansteen^s  paper  on  the  changes  in  the  magnetic  in- 
clination  in  the  north  temperate  zone,  Astronomische  Nachrichten,  Nos. 
947, 946,  and  954,  the  declination  is  stated  to  have  a  retrograde  motion, 
as  inferred  from  Professor  Loomis's  table  in  Silliman's  Journal,  Vol. 
XXXIX.,  and  consequently  an  easterly  motion  is  assigned  to  the  pole  B 
(pages  187  and  192,  No.  948).  Again,  on  page  282,  No.  954,  it  is 
said  that  in  North  America  the  western  declination  decreases^  and  the 
easterly  increases ;  which,  however,  is  not  the  case,  as  has  been  seen ; 
for  since  the  minimum,  about  the  beginning  of  the  present  century, 
the  reverse  has  taken  place,  the  westerly  declination  having  ever 
since  increased  (or  the  easterly  diminished).  Professor  Hansteen's 
pole  B,  therefore,  appears  to  have  reached  its  most  easterly  position 
about  1797,  and  has  ever  since  been  moving  to  the  westward. 


5.  The  Frozen  Wells  of  Owego.     By  Pkofessor  John  Beoc- 
KLESBT,  of  Trinity  College,  Hartford,  Conn. 

About  sixteen  years  ago  a  letter  was  addressed  to  Professor  Silliman, 
by  Mr.  D.  O.  Macomber,  of  Owego,  Tioga  Co.,  N.  Y.,  describing  certain 
unexplained  phenomena  pertaining  to  a  well  situated  in  the  vicinity  of 
Owego. 
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The  communication  of  this  gentleman  (which  is  recorded  in  VoL 
XXXVI.  of  the  Journal  of  Science)  is  as  follows :  — 

'^  The  well  is  excavated  on  a  tahle-land  elevated  ahout  thirty  feet 
ahove  the  bed  of  the  Susquehanna  River,  and  distant  from  it  three 
fourths  of  a  mile.  The  depth  of  the  well,  from  the  surface  to  the 
bottom,  is  said  to  be  77  feet ;  but  for  four  or  five  months  of  the  year 
the  surface  of  the  water  is  frozen  so  solid  as  to  be  entirely  useless 
to  the  inhabitants.  On  the  23d  of  the  present  month  (February), 
in  company  with  a  friend,  I  measured  the  depth,  and  found  it  to  be 
61  feet  from  the  surface  of  the  earth  to  the  ice  which  covers  the 
water  in  the  well,  and  this  ice  we  found  it  impossible  to  break  with 
a  heavy  weight  attached  to  a  rope.  The  sides  of  the  well  are  nearly 
covered  with  masses  of  ice,  which,  increasing  in  the  descent,  leave 
a  space  but  one  foot  in  diameter  at  the  bottom. 

"  A  thermometer  let  down  to  the  bottom  sunk  38°  in  15  minutes, 
being  68**  in  the  sun  and  30**  at  the  bottom  of  the  well.  The  well 
has  been  dug  21  years,  and  I  am  informed  by  a  very  credible  person, 
who  assisted  in  the  excavation,  that  a  man  could  not  endure  to  work 
in  it  more  than  two  hours  at  a  time,  even  with  extra  clothing,  although 
in  the  month  of  June,  and  the  weather  excessively  hot.  The  ice  re- 
mains until  very  late  in  the  season,  and  is  of\en  drawn  up  in  the 
months  of  June  and  July.  Samuel  Mathews  drew  from  the  well  a 
large  piece  of  ice  on  the  25th  of  July,  1837,  and  it  is  common  to  find 
it  there  on  the  4th  of  July. 

"  The  well  is  situated  in  the  highway,  about  one  mile  northwest  of 
the  village  of  Owego.  There  is  no  other  well  on  that  table  of  land, 
nor  within  60  or  80  rods,  and  none  that  presents  the  same  phenome- 
non. In  the  excavation  no  rock  or  slate  was  thrown  up,  and  the  wa- 
ter is  never  affected  by  freshets,  and  is  what  is  usually  denominated 
'  hard '  or  limestone  water.  A  lighted  candle  being  let  down,  the 
flame  became  agitated  and  thrown  in  one  direction  at  the  depth  of  30 
feet,  but  was  quite  still  and  was  soon  extinguished  at  the  bottom. 
Feathers,  down,  or  any  light  substance,  when  thrown  in,  sink  with  a 
rapid  and  accelerated  motion.  The  above  facts  may  be  relied  upon 
as  entirely  correct." 

Such  is  the  statement  of  Mr.  Macomber.  During  last  year  I  re- 
ceived from  the  Rev.  Wm.  H.  Corning,  who  is  settled  at  Owego,  two 
letters  in  respect  to  this  phenomenon,  which  show  that  it  is  not  con* 
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fined  to  one  locality.  In  his  first  communication,  dated  June,  1854, 
Mr.  Coming  thus  writes :  '^  Two  wells  in  Owego,  some  60  feet  deep, 
freeze^  and  within  a  week  large  lumps  of  ice  have  been  drawn  up 
from  one  of  them.  They  are  situated  a  short  distance  from  the  Sus- 
quehanna River,  and  are  below  its  bed." 

In  my  reply  to  this  letter  Macomber^s  well  was  mentioned,  and 
certain  observations  and  experiments  suggested,  which  it  was  thought 
might  tend  towards  the  solution  of  the  problem. 

In  the  second  letter  of  Mr.  Coming,  he  writes  as  follows :  — * 

^^  The  deep  well  spoken  of  by  Macomber  is  situated  at  some  dis- 
tance west  of  the  village  proper,  about  a  quarter  of  a  mile  from  Owego 
Creek,  and  is  on  rather  high  ground  ;  but  no  hills  or  mountains  of  any 
height  are  in  its  vicinity.  The  water  of  this  well  in  the  month  of 
September  is  said  to  be  quite  warm ;  so  much  so  as  to  be  unpalatable. 

^  The  other  well  (from  which  the  ice  was  drawn)  is  in  the  centre 
of  the  village,  not  more  than  seventy  yards  from  the  Susquehanna, 
and  is  about  a  quarter  of  a  mile  from  any  hUl.  The  distance  from 
the  surface  of  the  ground  to  the  surface  of  the  water  in  the  well  is,  at 
this  date  (Aug.  19th),  22}  feet.  The  water  is  about  18  inches  deep, 
and  its  temperature  was,  at  noon  of  this  day,  47^  Fahr. 

*^  By  letting  down  a  lighted  candle,  a  slightly  perceptible  current  of 
air  is  detected,  and  the  flame  blows  nearly  west  (the  river  is  south). 
For  the  space  of  10  or  12  feet  down  from  the  mouth  of  the  well,  there 
is  not  the  least  current ;  but  for  the  rest  of  the  distance,  to  within  a 
foot  of  the  water,  the  current  mentioned  is  about  the  same  in  force  ; 
yet  hardly  strong  enough  to  settle  the  question  as  to  lateral  fissures. 

'^  The  sides  of  the  well  are  coated  with  ice  from  early  winter,  and 
the  water  apparently  freezes  from  the  bottom  and  sides.  Sometimes 
the  surface  is  frozen  so  hard,  that  it  becomes  necessary  to  drop  a 
heavy  weight  to  break  the  ice,  in  order  that  water  may  be  drawn ; 
this,  however,  is  only  occasionally  done.  The  former  owner  was 
obliged  to  remove  a  chain-pump,  and  resort  to  the  old  windlass,  on 
account  of  the  ice.  The  ice  remains  on  the  sides  of  the  well  until 
the  middle  of  May,  when  it  gradually  melts  away,  and  by  about  the 
middle  of  June  it  is  almost  entirely  gone.  The  water  of  the  well  up 
to  the  middle  of  May  is  very  cold,  resembling  ice -water. 

'^  The  formation  of  this  region  is  what  geologists  call  alluvial^  I 
believe.     For  the  depth  of  ten  feet  or  more  below  the  surface  of  the 
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earth  there  are  large  quantities  of  pehhle-stones,  varying  in  size  from 
that  of  a  pea  to  those  which  measure  4  or  5  inches  in  diameter. 
These  are  mixed  with  gravel  and  a  sandy  loam,  and  farther  down  are 
veins  or  layers  of  gravel,  free,  for  the  most  part,  from  these  stones. 
The  hill  or  mountain,  from  which  the  village  well  is  ahout  a  quarter  of 
a  mile  distant,  is  variously  estimated  hy  the  inhabitants  to  be  from  150 
to  200  feet  in  height.     Upon  it  are  found  shells  and  marl.^^ 

During  the  early  part  of  this  summer  I  received  information  similar 
to  the  above  from  the  Rev.  James  Rankine,  a  gentleman  who  resides  at 
Owego.  Mr.  Rankine  remarks,  in  addition,  that "  when  the  ice  begins 
to  form  in  the  cold  weather,  it  can  be  seen  forming  under  the  surface 
of  the  water  in  shape  like  a  basin ;  and  that  during  last  winter  a  cover 
was  put  upon  the  well,  when  all  its  usual  phenomena  disappeared.^' 

I  am  not  aware  that  any  satisfactory  explanation  has  yet  been  given 
of  this  singular  phenomenon.  Without  claiming  to  solve  it,  the  learn* 
ed  editor  of  the  Journal  of  Science  remarks,  in  respect  to  the  well  of 
Macomber,  that  ^'  possibly  the  escape  of  compressed  gas  deep  within 
the  earth  in  the  vicinity  of  the  well,  and  in  proximity  to  its  waters, 
may  account  for  the  extraordinary  low  temperature  that  there  pre- 
vails '' ;  and  this  view  he  considers  as  perhaps  countenanced  by  the 
alight  current  of  air  that  exists  in  the  well. 

It  is  worthy  of  notice,  that  in  both  the  wells  the  phenomena  of  the 
currents  is  the  same ;  namely,  that  the  flame  of  a  candle  is  swayed  in 
one  direction  before  it  reaches  the  bottom,  where  it  is  stilly  —  facts 
that  point  towards  a  common  cause. 

A  well  somewhat  similar  to  the  Owego  wells  is  found  at  Monte 
Video,  a  villa  situated  about  9i  miles  from  the  city  of  Hartford,  Ct. 

This  well  is  sunk  through  the  loose  trap  rock  and  gravel  to  the 
depth  of  about  25  feet,  and  during  the  summer  months  the  water  that 
is  drawn  from  it  is  as  cool  as  iced  water.  So  low  is  the  temperature, 
that  the  teeth  fairly  ache  with  cold  as  the  water  is  drank.  In  close 
proximity  to  this  well  is  a  lofty  hill  of  trap,  whose  shelving  sides  are 
entirely  composed  of  the  dihris  of  this  rock. 

In  the  celebrated  cave  of  Orenburg,  in  Russia,  we  have  another  in- 
stance of  a  locality  possessing  in  summer  an  extraordinary  low  tem- 
perature. This  cavern,  which  is  at  the  base  of  a  hill  of  gypsum,  and 
opens  on  the  street  of  Orenburg,  is  partly  filled  with  ice  in  the  sum- 
mer, the  roof,  which  is  broken  by  fissures,  being  hung  with  solid  un- 
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dripping  icicles ;  and  the  hotter  the  weather,  the  more  severe  is  the 
cold ;  while  in  the  winter  all  the  ice  disappears. 

In  explanation  of  these  phenomena,  it  is  asserted  that  in  summer,  as 
in  the  case  of  mining  shafts  and  galleries,  a  warm  current  of  air  de- 
tcends  through  the  channels  and  passages  of  the  hill,  evaporating  the 
water  that  it  meets  with,  and  cooling  so  rapidly,  that  it  is  below  the 
freezing  point  when  it  issues  into  the  cave,  t  In  the  winter  the  current 
would  move  in  the  opposite  direction,  the  hill  being  warmer  than  the 
external  atmosphere. 

This  explanation  will  not  serve  for  the  wells  of  Owego,  though  it 
possibly  may  for  that  at  Monte  Video  ;  for  the /ormer,  unlike  the  cave 
of  Orenburg,  are  coated  with  ice  and  frozen  in  tointer^  and  in  mid* 
summer  their  waters  are  as  warm  as  those  of  other  wells.  Neverthe- 
less, it  appears  from  the  statement  of  Mr.  Rankine,  that  evaporation 
aids  in  some  way  in  producing  the  extraordinary  degree  of  cold  that 
prevails  in  these  wells  ;  for  when  one  of  them  was  covered,  and  the 
evaporation  checked,  no  ice  was  formed  within  it.* 

The  preceding  facts  have  been  presented,  not  for  the  purpose  of 
now  offering  any  solution  of  the  problem  they  involve,  but  with  the 
hope  that  their  publicity  may  stimulate  observation  and  inquiry,  and 
elicit  other  facts  which  will  lead  us  to  a  better  understanding  of  this 
class  of  physical  phenomena. 


V.  METEOROLOGY. 


1.  On  the  Storm  which  was  experienced  throughout  the 
United  States  about  the  20th  of  December,  1836.  By 
Elias  Loomis,  Professor  of  Mathematics  and  Natural  Philosophy 
in  New  York  University. 

Several  years  ago  I  undertook  to  investigate  the  phenomena  of  a 
violent  storm  which  swept  over  the  United  States  about  the  20th  of 
December,  1836  ;  and  the  result  of  my  investigations  was  published  in 

•  The  same  phenomenon,  according  to  report,  was  tme  of  the  Macomber  well, 
which  has  now  fallen  in. 
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the  seventh  volume  of  the  Transactions  of  the  American  Philosophical 
Society.  This  storm  extended  from  the  Gulf  of  Mexico  to  an  un- 
known distonce  on  the  north.  The  fluctuation  of  the  harometer  in- 
creased with  the  latitude,  at  least  as  far  as  Quehec,  the  most  northern 
point  from  which  observations  could  be  obtained.  The  area  embraced 
in  the  observations  included,  therefore,  only  the  southern  half  of  the 
storm,  and  the  phenomena  of  the  northern  half  could  only  be  supplied 
by  conjecture.  I  therefore  regarded  the  results  of  this  investigation 
as  unsatisfactory  ;  but  finding  it  impossible  to  obtain  observations  from 
more  northern  stations,  I  published  the  information  which  I  had  ob- 
tained ;  and  sought  for  some  more  hopeful  subject  of  investigation  in 
the  case  of  a  storm  which  should  be  wholly  embraced  within  the  area 
of  our  observations.  Such  was  the  storm  of  February  4,  1842,  with 
regard  to  which  I  was  fortunate  in  obtaining  abundant  materials  for 
investigation.  In  conducting  this  investigation,  I  adopted  some  pecu- 
liar methods,  which,  so  far  as  I  have  been  informed,  had  never  been 
practised  before.  The  phenomena  of  the  storm,  at  intervals  of  twelve 
hours,  were  delineated  on  a  series  of  maps  of  the  United  States,  in 
such  a  manner  that  every  important  feature  was  made  to  appeal  di- 
rectly to  the  eye.  First,  those  portions  of  the  map  corresponding  to 
places  where  the  sky  was  unclouded  were  colored  blue ;  those  por- 
tions where  the  sky  was  overcast,  but  without  rain  or  snow,  were 
colored  brown  ;  those  portions  of  the  country  where  rain  was  falling 
were  colored  yellow  ;  and  those  portions  where  snow  was  falling  were 
indicated  by  a  green  color.  The  direction  of  the  wind  was  represented 
by  arrows,  and  its  force  indicated  by  their  length. 

The  observations  of  the  barometer  and  thermometer  were  repre- 
sented in  the  following  manner.  Having  determined,  as  well  as  I 
was  able,  the  mean  height  of  the  barometer  at  each  station,  I  com- 
pared each  observation  with  the  mean.  I  then  drew  on  the  map  a 
line  passing  through  all  those  places  where  the  barometer,  at  a  given 
hour,  stood  at  its  mean  height.  This  line  was  called  the  line  of  mean 
pressure.  I  then  drew  a  line  through  all  those  places  where  the  ba- 
rometer, at  the  same  hour,  stood  two  tenths  of  an  inch  above  the  mean ; 
another  line  through  all  those  places  where  the  barometer  stood  four 
tenths  of  an  inch  above  the  mean,  &c.  Similar  lines  were  drawn 
through  all  those  places  where  the  barometer  stood  two  tenths  of  an 
inch  below  the  mean  ;  four  tenths  of  an  inch  below,  &c. 
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In  like  manner,  a  line  was  drawn  joining  all  those  places  where  the 
thermometer  stood  at  its  mean  height  for  the  given  hour  and  month ; 
and  this  was  called  the  line  of  mean  temperature.  Another  line  was 
drawn  through  all  those  places  where  the  thermometer  stood  ten  de- 
grees above  the  mean  ;  and  other  lines  were  drawn  through  the  places 
where  the  thermometer  was  twenty  degrees  ahove  the  mean,  ten  de- 
grees heloto  the  mean,  twenty  degrees  below  the  mean,  &c. 

This  mode  of  representing  the  observations  of  the  barometer  and 
thermometer  appears  to  me  the  most  suitable  of  any  which  has  yet 
been  proposed  to  indicate  the  connection  between  the  pressure  and 
temperature  of  the  air  on  the  one  hand,  and  the  direction  of  the  wind 
and  the  fall  of  rain  on  the  other. 

The  results  of  the  investigation  of  the  storm  of  Feb.  4,  1842,  were 
entirely  satisfactory  to  myself,  and  were  published  in  Volume  IX. 
of  the  Transactions  of  the  American  Philosophical  Society.  Being 
convinced  of  the  superior  advantages  of  this  new  method  of  investi- 
gatmg  the  phenomena  of  storms,  I  immediately  constructed  a  series  of 
maps  upon  the  same  principle,  representing  the  progress  of  the  storm 
of  December,  1836  ;  and  I  perceived  that  certain  features  of  this  storm 
were  thus  brought  out  more  clearly  than  I  had  been  able  before  to  ex* 
hibit  them ;  but,  inasmuch  as  the  publication  of  a  series  of  colored 
maps  involves  a  serious  expense,  these  maps  have  never  been  offered 
for  publication. 

As,  however,  my  paper  upon  this  storm  has  been  commented  upon 
by  Messrs.  Redfield  and  Espy,  and  by  Dr.  Hare,  and  some  conclu- 
sions have  been  drawn  from  it  which  appear  to  me  unwarranted,  I 
have  thought  it  expedient  to  bring  the  subject  before  the  notice  of  this 
Association. 

The  five  accompanying  maps  represent  the  phenomena  of  thb 
storm  from  the  evening  of  December  19th  to  the  evening  of  Decem- 
ber 21st,  at  intervals  of  twelve  hours,  the  mode  of  representation  being 
similar  to  that  already  mentioned  as  having  been  employed  for  the 
storm  of  February,  1842. 

The  blue  color  represents  the  region  where  the  sky  was  unclouded ; 
the  brown  color  represents  the  region  where  the  sky  was  overcast,  but 
without  rain  or  snow ;  the  fall  of  snow  is  indicated  by  the  green  color, 
and  rain  by  the  yellow.  The  line  of  mean  pressure  is  drawn  upon 
each  map,  as  well  as  the  line  of  two  tenths  of  an  inch  below  the 
16 
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mean.  On  the  last  three  maps  is  also  drawn  the  line  of  four  tenths  of 
an  inch  helow  the  mean.  In  order  to  avoid  confusion,  the  thermomet- 
rical  lines  have  heen  omitted  from  these  maps.  As,  on  account  of 
the  dark  color  of  the  maps,  the  arrows  indicating  the  direction  of  the 
wind  could  not  he  well  seen  at  a  distance,  they  have  been  omitted,  and 
a  separate  chart  has  been  prepared,  showing  the  direction  of  the  wind 
for  the  evening  of  December  20th. 

I  do  not  propose  at  present  to  undertake  an  analysis  of  the  general 
phenomena  of  this  storm ;  but  shall  confine  my  remarks  to  two  points 
respecting  which  some  diversity  of  opinion  has  been  expressed. 

The  first  question  relates  to  the  direction  and  velocity  of  the  storm^s 
progress.  If  our  observations  embraced  the  entire  area  of  the  storm 
for  a  series  of  days,  it  would  be  an  easy  matter  to  assign  its  direction 
and  velocity,  provided  we  can  agree  as  to  what  shall  be  regarded  as 
the  centre  of  the  storm.  The  progress  of  a  rain-storm  is  generally 
characterized  by  a  depression  of  the  barometer ;  and  perhaps  there  is 
no  point  to  which  we  can  more  appropriately  apply  the  term  centre  of 
the  storm^  than  to  that  point  where  the  depression  of  the  barometer  is 
greatest.  Unfortunately,  in  the  storm  of  December,  1836,  few,  if  any, 
observations  have  been  obtained  from  points  north  of  the  centre  of  the 
storm.  The  depression  of  the  barometer  at  Quebec  was  greater  than 
at  any  station  south  of  it.  But  at  Fort  Snelling,  near  lat.  45°,  on  the 
Mississippi  River,  the  depression  of  the  barometer  was  no  greater  than 
it  was  at  Natchez.  It  seems  reasonable  then  to  infer,  that  along  the 
Mississippi  River  the  point  of  greatest  depression  must  have  been  near 
St.  Louis ;  while  near  the  Atlantic  coast  the  centre  could  not  have 
been  south  of  Quebec.  Assuming  St.  Louis  and  Quebec  to  lie  in  the 
central  path,  the  direction  of  the  storm's  progress  was  from  S.  62**  W. 
to  N.  62°  £.  It  seems  quite  clear  that  the  storm  travelled  towards 
some  point  north  of  east,  and  not  towards  the  south  of  east,  as  has 
been  inferred  by  Dr.  Hare  and  by  Mr.  Espy.  From  the  morning  of 
December  20th  to  the  morning  of  December  21st,  the  centre  of  the 
storm  advanced  1,140  miles  in  the  direction  already  assigned;  being 
an  average  velocity  of  48  miles  per  hour. 

The  second  question  which  I  propose  to  consider  is,  Was  this  storm 
a  whirlwind  ?  In  order  to  answer  this  question,  I  have  drawn,  upon  a 
separate  sheet,  arrows  representing  the  direction  of  the  wind  for  the 
evening  of  December  20th,  being  the  period  when  the  storm  was  most 
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nearly  central  as  regards  the  stations  of  observation.  At  this  instant  we 
find  the  winds  in  the  rear  of  the  storm  to  blow  from  the  north  or  north- 
west Their  average  direction  is  about  N.  30**  W. ;  and  this  mean 
direction  is  sensibly  the  same  in  lat  45^  as  near  the  Gulf  of  Mexico. 
In  front  of  the  storm,  the  winds  generally  blow  from  points  between 
south  and  southeast.  Its  average  direction  is  about  S.  10^  E. ;  and 
in  the  southern  part  of  the  United  States  the  winds  are  quite  as  much 
easterly  as  in  the  northern  part  of  the  United  States,  and  perhaps  even 
more  so.  We  thus  find  that  along  a  meridian,  for  a  distance  of  at 
least  14200  miles,  we  have  on  the  west  side  a  violent  current  setting 
from  N.  30**  W. ;  and  on  the  east  side,  in  close  proximity,  an  equally 
violent  current  setting  from  S.  10**  E.  The  most  striking  feature  ex- 
hibited by  these  winds  is  that  of  two  currents  blowing  with  great 
violence,  for  at  least  48  hours,  in  directions  almost  diametrically  op- 
posed to  each  other.  This  is  not  a  whirlwind,  as  that  term  is  generally 
understood ;  nor  according  to  the  diagrams  of  Messrs.  Redfield,  Reid, 
and  Piddington.  It  may  be  admitted,  indeed,  that  the  winds  show  some 
tendency  to  circulate  in  a  direction  contrary  to  the  motion  of  the  hands 
of  a  watch ;  but  this  tendency  is  not  the  predominant  feature,  and  the 
centrifugal  force  thus  resulting  can  produce  only  insignificant  efiects. 
But  how  can  two  winds  blow  thus  violently  towards  each  other  for  48 
successive  hours  ?  This  southeast  wind  was  confined  to  that  portion 
of  the  atmosphere  which  is  near  the  earth's  surface.  The  northwest 
wind  being  colder,  and  therefore  heavier,  than  the  southeast  wind, 
flowed  under  it,  raised  it  from  the  earth's  surface,  and  turned  it  back 
upon  itself,  so  that  at  an  elevation  of  two  or  three  miles  above  the 
earth's  surface  a  westerly  wind  was  prevailmg  even  in  front  of  the 
storm.  The  air  thus  elevated  from  the  earth's  surface  was  chilled  by 
the  cold  of  elevation  ;  its  vapor  was  condensed,  and  was  precipitated 
in  the  form  of  rain  or  snow. 


2.  On  the  Stokm  of  October  7,  1854,  neab  the  Coast  of  Ja- 
pan, AND  THE  Conformity  of  its  Progression  with  other 
Cyclones.     By  W.  C.  Redfield,  of  New,  York. 

Since  the  return  of  the  U.  S.  expedition  from  Japan  I  have  obtained, 
through  the  kindness  of  Commodore  Perry  and  his  officers,  some 
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notices  of  gales  encountered  by  the  squadron  while  in  the  Pacific 
Ocean  and  the  Asiatic  seas. 

One  of  these  storms  was  encountered  by  the  U.  S.  ships  Mississippi 
and  Southampton^  on  the  7th  of  October  last,  near  lat.  35^,  soon  after 
leaving  Japan  on  their  way  to  the  Sandwich  Islands.  On  the  7th  and 
8th  it  was  encountered  by  an  American  whaleship  near  lat.  45°  ;  as 
appears  by  an  extract  from  her  log-book,  for  which  I  am  mdebted  to 
Lieutenant  Wm.  L.  Maury  of  the  Mississippi,  An  important  portion 
of  its  route,  previous  to  and  at  the  time  of  its  recurvation,  has  also  been 
brought  to  our  knowledge  by  means  of  a  report  from  Captain  Briard, 
master  of  the  English  brig  Giffard^  then  on  her  way  from  San  Fran- 
cisco to  Shanghai,  which  is  found  in  the  London  Nautical  Magazine 
for  February,  1855.  Copies  of  these  several  reports  are  herewith 
submitted. 

We  have  thus  the  necessary  data  for  an  approximate  delineation 
of  the  route  of  this  storm,  which  I  have  traced  on  the  manuscript 
chart  which  is  herewith  presented.  The  track  as  thus  shown  may 
enable  us  to  judge  of  its  conformity  with  the  general  law  of  progres- 
sion manifested  by  other  cyclones,  in  different  regions. 

It  will  be  seen  that  the  change  from  a  westerly  to  an  easterly  pro- 
gression, in  this  cyclone,  took  place  in  27°  30'  of  north  latitude,  and 
eastward  of  the  Loo  Choo  Islands.  It  is  obvious  that  the  geograph- 
ical relations  of  its  route  to  the  equatorial  zone  and  the  northern 
hemisphere  are  not  unlike  those  which  have  been  shown  in  the  storms 
of  the  North  Atlantic  Ocean. 

In  order  to  exhibit  this  accordance  more  perfectly,  it  has  occurred 
to  me  to  transfer  a  tracing  of  this  storm-track  to  a  chart  of  the  North 
Atlantic,  and  one  hundred  and  fifty  degrees  of  longitude  more  east- 
ward than  its  actual  position,  so  as  to  interpolate  it  among  the  known 
tracks  of  the  Atlantic  storms.  The  track  as  thus  shifted  is  marked  in 
red  ink  on  some  copies  of  the  chart  which  was  prepared  to  illustrate 
my  memoir  on  the  Cape  Verde  and  Hatteras  hurricane  and  other 
storms,  which  was  presented  to  the  last  meeting  of  the  Association,  at 
Washington. 

Such  comparisons  of  the  great  curves  of  atmospheric  progression 
which  are  developed  in  these  storm-tracks,  will  serve  to  show  their 
remarkably  persistent  analogies ;  which  clearly  indicate  that  the  same 
dynamical  elements  of  rotation  and  progression  are  common  to  all 


CHEMISTRY.  185 

these  storms.  This  view  appears  confirmed  by  nearly  all  the  storm- 
routes  which  hitherto  have  been  established  in  different  regions,  and 
must  claim  the  careful  attention  of  meteorologists,  as  well  as  of  all 
who  take  interest  in  the  general  physics  of  our  globe. 

It  may  be  noticed,  that  I  have  also  placed  on  the  manuscript  chart 
the  trace  of  the  RaleigVs  typhoon  of  August,  1835,  which  passed 
over  Macao  and  Canton.  It  is  taken  from  my  notice  of  that  storm 
which  was  published  in  Silliman's  Journal  for  January,  1835  (Vol. 
XXXV.,  first  series).  I  have  likewise  added  a  tracing  of  the  course 
of  the  Manilla  typhoon  of  October,  1831,  which  was  noticed  in  the 
same  communication,  and  which  is  supposed  to  have  extended  its 
course  to  Balasore,  on  the  Bay  of  Bengal.  On  the  eastern  portion  of 
the  chart  will  also  befound  p  artial  tracings  of  the  storm-routes  of  the 
Feu^ific,  near  the  coast  of  Mexico,  which  were  noticed  in  my  paper 
presented  last  year  to  the  Association,  at  Washington  ;  together  with 
four  storm-routes  of  the  United  States,  Gulf  of  Mexico,  and  the  At- 
lantic, taken  from  the  storm-chart  which  accompanies  that  paper. 

Tlie  field  of  the  new  chart  extends  from  near  Newfoundland  and  Bar- 
badoes  on  the  east,  across  the  American  continent  and  Pacific  Ocean, 
to  near  the  borders  of  British  India  on  the  west.  Indeed,  with  the 
exception  of  the  interior  of  the  Asiatic  continent,  the  field  of  success* 
ful  inquiry  may  now  be  said  to  encircle  the  globe ;  and  includes  also 
the  principal  seas  of  the  southern  hemisphere. 
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I.    CHEMISTRY. 

1.  Desckiption  of  a  New  Apparatus  for  separating  Gold  and 
OTHEB  Precious  Metals  from  Foreign  Substances.  By  E.  N. 
Kent,  of  New  York. 

I  invite  your  attention  for  a  few  moments  to  a  brief  description  of  a 
new  apparatus  for  separating  gold  from  foreign  substances,  which  has 
been  recently  put  into  operation  at  the  U.  S.  Assay  Office  in  New  York. 
16  • 
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The  principles  involved  in  the  construction  of  this  apparatus  are 
based  on  the  following  facts.  Grains  of  gold,  silver,  or  other  duc- 
tile metals,  when  ground  or  crushed  with  quartz  or  other  hard  sub- 
stances, flatten  under  the  mill,  and  thus  prevent  the  crushing  surfaces 
from  coming  close  enough  to  grind  the  stony  matrix  to  a  very  fine 
powder.  But  if,  when  thus  crushed  as  fine  as  possible,  the  grains  of 
gold  or  other  metal  thus  liberated  are  separated,  the  remaining  stony 
matter  can  then  be  crushed  to  an  impalpable  powder,  so  that  the  finest 
particles  of  gold,  and  even  such  as  are  invisible  to  the  naked  eye,  may 
be  liberated,  and  with  proper  apparatus  be  saved. 

To  accomplish  this  great  desideratum  eflectually,  the  mill  A  (refer- 
ence to  drawings,*  fig.  1),  and  amalgamator  £,  are  so  constructed  as  to 
hold  a  large  quantity  of  water,  in  each  of  which  the  earthy  matters 
are  kept  constantly  agitated  and  suspended,  while  the  light  and  heavy 
substances  are  separated  from  each  other  by  virtue  of  their  respective 
gravities,  the  heavy  metallic  portions  falling  to  the  bottom  of  the  col- 
umns of  water,  while  the  light  and  refuse  earth  is  washed  away  in  the 
current  of  water  which  constantly  passes  through  the  apparatus  in  the 
direction  of  the  arrows  (Fig.  2). 

The  earthy  matters  which  have  been  previously  crushed  are  sup- 
plied to  the  apparatus  through  the  hopper  C,  in  which  the  grains 
of  gold  or  other  precious  metal  (if  any  be  present)  will  be  retained, 
and  cleaned  by  the  action  of  the  teeth  on  the  under  side  of  the  plate 
D  from  the  sand  which  would  otherwise  remain. 

After  the  metallic  grains  have  been  thus  separated,  the  earthy  por- 
tion is  carried  by  the  current  of  water,  through  the  tube  (r),  into  and 
under  the  surface  of  the  large  body  of  water  in  the  mill  -4,  the  light 
and  finer  portions  passing  off*  with  the  current  of  water  into  the  amal- 
gamator £,  and  the  heavy  and  coarser  portion  falling  to  the  bottom  of 
the  mill,  where  it  is  ground  and  mixed  up  with  the  water,  until  the 
earthy  portion  of  this  also  passes  off*  into  the  amalgamator,  leaving  a 
small  residue  very  rich  in  gold  at  the  bottom  of  the  mill. 

The  earthy  matters,  from  which  the  greater  portion  of  the  gold  or 
silver  has  been  now  extracted  by  mechanical  means,  pass  into  the  pan 
IT,  and  are  stirred  up  and  suspended  in  the  water  by  the  teeth  attached 
to  the  arms  7,  and  are  carried   thence  by  the  current  of  water, 

*  Not  pablished. 
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through  the  small  tubes  (Z  Z),  into  the  second  large  body  of  water,  con- 
tained in  the  vessel  E.  Here  it  is  brought  directly  in  contact  with 
the  mercury  on  the  bottom,  the  surface  of  which  is  kept  constantly 
clean  by  the  revolving  action  of  the  paddle-wheels  around  the  shaft 
(iEr),  which  also  causes  an  outer  current  in  the  space  between  the 
wheels  and  the  sides  of  the  vessel,  into  which  the  earthy  matters  are 
thrown  by  the  revolution  of  the  paddle-wheels  upon  their  own  axis. 
The  heavy  metallic  portion  is  thus  allowed  to  fall  by  virtue  of  its  grav- 
ity, and  remain  in  contact  with  the  clean  mercury  until  amalgamated, 
while  the  light  and  refuse  earth  is  rapidly  washed  away. 

At  the  close  of  the  operations  for  a  day,  the  supply  of  water  is 
stopped,  and  the  cock  (d)  opened  for  a  few  minutes,  while  the  shaft  (h) 
is  still  in  motion,  so  as  to  draw  off  the  small  rich  residue  wbich  remains 
at  the  bottom  of  the  mill  into  the  pail  P,  while  the  water  passes  off 
through  the  overflow-pipe  into  the  trough  (g),  and  is  conducted  into 
the  traps  K. 

The  rich  residue  thus  obtained  from  the  mill  contains,  besides  the 
precious  metals,  sand,  sulphur,  and  generally  iron.  The  two  latter 
may  be  oxidized  and  removed  by  roasting  or  burning  the  residue,  and. 
by  passing  the  ashes  through  the  grain  separator  C  at  the  next  opera- 
tion, either  alone  or  with  a  fresh  supply  of  earthy  matter,  the  gold 
contained  therein  will  be  separated  and  cleaned.  Or  the  residue  may 
be  fluxed  with  soda-ash  and  nitre,  to  remove  the  sand  and  iron,  and 
the  gold  will  be  obtained  at  the  bottom  of  the  crucible. 

The  gold  contained  in  the  grain  separator  is  removed  through  a 
tap  at  the  bottom  into  a  small  pail,  which  for  this  purpose  is  to  be 
hung  on  the  hook  (n).  This  is  the  largest  and  most  valuable  portion 
of  the  gold,  and  if  properly  cleaned  by  running  the  mill  about  two 
hours  afler  the  supply  of  earth  has  ceased,  it  is  found  to  be  clean  and 
bright,  and  when  dried  is  ready  to  be  fused  and  cast  into  ingots. 

The  mercury  in  the  amalgamator  requires  to  be  removed  only  once 
a  week,  or  once  a  month,  according  to  the  quantity  of  material  which 
has  been  passed  through  the  apparatus.  When  sufficiently  charged 
with  gold  or  silver,  the  amalgam  is  to  be  drawn  off  through  the  cock 
(i)  into  the  pail  P,  which  retains  it,  and  allows  the  water  to  pass 
off  into  the  trap  boxes  K.  The  amalgam  is  then  strained  and  distilled 
in  the  usual  manner,  and  the  fluid  mercury  returned  to  the  amal- 
gamator. 
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n.    MINERALOGY. 

1.    On    Some    New    Localities    of    Minerals.     By  Sanderson 
Smith,  of  New  York. 

At  a  copper  mine  about  a  mile  from  the  celebrated  barytes  mine  in 
Cheshire,  Ct.,  I  lately  obtained  some  specimens  of  native  silver,  in 
cavities  in  massive  copper  glance.  One  of  the  filaments  was  about 
three  quarters  of  an  inch  long,  and  the  tenth  of  an  inch  in  diameter. 
Associated  with  these,  in  cavities  lined  with  minute  quartz  crystals, 
were  a  number  of  little  plates  about  three  tenths  of  an  inch  long  by 
one  fifteenth  broad,  and  very  thin.  These  were  flexible,  and  gener- 
ally curved,  and  were  tinged  of  a  beautiful  green  by  copper.  They 
may  possibly  be  crystals  of  tremolite.  A  quantity  of  these  fill  the 
cavities,  in  which  they  are  loose,  not  being  attached  together,  or  to  the 
walls  of  the  cavity.  They  are  consequently  difficult  to  collect  and 
preserve,  as  they  generally  fall  out  in  breaking  the  specimens  open. 
This  mine  will  probably  soon  be  worked,  when  we  may  hope  for  in- 
teresting specimens. 

In  the  city  of  New  York,  about  50th  Street,  crystallized  muscovite, 
with  internal  hexagonal  markings  of  a  lighter  color,  occurs.  When 
these  markings  are  examined  by  polarized  light,  they  present  a  difier- 
ent  color  from  the  groundwork,  indicating  a  dififerent  angle  between 
the  axes  of  polaiization. 

At  Reading,  Pa.,  allanite  occurs  as  the  gangue  of  zircon. 

The  specimens  labelled  malachite,  from  Jones's  Mines,  Berks  Co., 
Pa.,  are  generally  silicate  of  copper,  instead  of  carbonate.  The  ceru- 
site  stated  to  occur  there  must,  I  think,  be  a  mistake,  as  no  lead 
minerals  occur  there.  At  Steel's  Mines,  in  the  same  county,  very 
good  brown  garnet  is  found. 

At  Cornwall,  Lebanon  Co.,  Pa.,  very  handsome  chrysocolla  is  found, 
as  well  as  pretty  strong  loadstone,  and  a  handsomely  marked  jasper. 

At  the  zinc  mines  near  Friedensville,  Lehigh  Co.,  Pa.,  have  lately 
been  found  some  specimens  of  crystallized  carbonate  of  zinc  (Smith- 
sonite),  in  double-pointed  pyramids,  of  about  the  size  and  shape  of 
caraway-seeds,  scattered  over  the  surface  of  a  thin  film  of  velvety  iron 
ore,  investing  massive  carbonate  of  zinc.  Some  also  occur  directly 
on  the  massive  carbonate,  but  those  on  the  iron  ore  are  larger,  and 
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make  much  more  beautiful  specimens,  from  the  relief  given  by  the 
dark  ground.  The  crystals  are  much  rounded,  however,  so  that 
scarcely  any  faces  can  be  made  out.  The  crystallized  lanthanite  from 
this  locality,  described  by  Blake  in  the  sixteenth  volume  of  Silliman's 
Journal,  is  still  unique.  Openings  are  now  being  made  at  the  spot 
where  it  was  supposed  to  have  been  found,  and  we  may  hope  that 
more  will  soon  be  discovered.  At  the  allanite  locality,  near  Bethle- 
hem, small  but  very  brilliant  zircons  occur,  generally  imbedded  in  the 
allanite.  In  some  larger  crystals,  which  are  not  so  brilliant,  the  py- 
ramidal faces  are  almost  black,  whilst  the  lateral  faces  are  of  a  light 
buff  color.  Associated  with  the  allanite  and  zircons  are  very  acute 
rhombic  prisms,  sometimes  more  than  an  inch  long,  and  three  quarters 
of  an  inch  in  the  longest  diagonal,  which  are  in  a  high  state  of  inter- 
nal alteration,  though  still  preserving  a  tolerably  bright  surface  and 
sharp  edges.  A  blowpipe  examination  shows  the  presence  of  tita- 
nium, and  the  mineral  will  probably  prove  to  be  sphene,  though  no 
specimen  exhibiting  terminal  planes  has  yet  occurred.  The  basal 
cleavage  is  very  perfect,  but  has  the  appearance  of  being  the  result  of 
alteration,  like  that  of  the  hydrated  iolite. 

About  two  miles  north  of  Easton,  Northampton  Co.,  Pa.,  near  the 
nephrite  locality,  some  very  handsome  specimens  of  crystallized  ser- 
pentine, having  bright  faces,  and  being  very  translucent,  have  been 
procured  by  Dr.  Edward  Swift,  of  Easton. 

When  at  Chamouni  last  year  I  obtained  a  specimen  marked  ^^  Mica 
Verte  du  Mont  Rose,''  which  has  all  the  characters  of  Mr.  Blake's 
clinochlore,  and  possesses  a  most  beautiful  ^een  color,  almost  sur- 
passing, I  think,  that  from  the  original  locality. 
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2.  Rb-bxamination  of  American  Minerals.    Part  V.  The  Min- 
erals  OF  THE  WhEATLEY  MinE  IN  PENNSYLVANIA.  —  AnGLBSITE  ; 

Cerusite  ;  WuLFENiTE ;  Vanadate  of  Lead  ;  Pyromorphite  ; 
Mimetene;  Galena;  Copper;  Copper  Pyrites;  Malachite; 
Azurite;  Blende;  Calamine;  Hematite;  Fluor  Spar;  Calc 
Spar;  Sulphur,  dec.  By  Professor  J.  Lawrence  Smith,  of 
Louisville.* 

Before  describing  the  minerals  of  this  mine,  it  is  well  to  say  a 
word  with  reference  to  its  location,  and  also  to  quote  some  remarks 
on  the  geology  of  the  surrounding  country  by  Professor  H.  D.  Rogers. 
Although  this  is  departing  from  the  plan  usually  adopted,  still  the  oc- 
currence of  all  the  minerals  here  described  at  one  locality  cannot  but 
render  the  geology  of  the  place  interesting  to  mineralogists. 

This  mine  is  situated  in  Chester  County,  near  Phcenixville,  Pennsyl- 
vania, and  is  one  of  several  interesting  developments  of  a  thorough  and 
very  able  exploration  of  this  region  by  Mr.  Charles  M.  Wheatley.  At 
the  request  of  Mr.  Wheatley,  Professor  Rogers  made  a  geological  ex- 
amination of  the  metalliferous  veins  of  this  district,  and  the  following 
remarks  are  taken  from  his  report. 

"  These  veins  belong  to  a  group  of  lead  and  copper-bearing  lodes 
of  a  very  interesting  character,  which  form  a  metalliferous  zone,  that 
ranges  in  a  general  east  and  west  direction  across  the  Schuylkill  River, 
near  the  lower  stretches  of  the  Perkiomen  and  Pickering  Creeks  in 
Montgomery  and  Chester  Counties,  and  bids  fair  to  constitute  at  no 
distant  day  a  quite  productive  mineral  region. 

"  The  individual  veins  of  this  rather  numerous  group  are  remark- 
able for  their  general  mutual  parallelism,  their  average  course  being 
about  N.  31°  —  35°  E.  by  compass,  and  not  at  all  coincident  with  that 
of  the  belt  of  country  which  embraces  them.  They  are  true  lodes  or 
mineral  mjections,  filling  so  many  dislocations  or  fissures,  transverse 
to  the  general  direction  of  the  strata  which  they  intersect  The 
metalliferous  belt  ranges  not  far  from  the  boundary  which  divides  the 
gneissic  or  metamorphic  rocks  of  Chester  County  from  the  middle 
secondary  red  shale  and  sandstone  strata. 

*  The  Association  is  indebted  to  Professor  J.  D.  Dana  for  the  figures  and  mathe- 
matical descriptions  of  the  crystals  given  beyond. 
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^^  This  vein  varies  in  thickness  from  a  few  inches  to  ahout  two  and 
a  half  feet,  and  we  may  state  its  average  width  at  not  less  than  eigh- 
teen inches.  It  is  hounded  hy  regular  and  well-defined,  nearly  paral- 
lel walls,  the  prevailing  material  of  which  is  a  coarse,  soft  granite, 
composed  chiefly  of  white  feldspar  and  quartz. 

^*  It  would  seem  to  be  a  pretty  general  fact,  that  such  of  these  veins 
as  are  confined  entirely  or  chiefly  to  the  gneiss,  bear  lead  as  their 
principal  metal ;  whereas  those  which  are  included  solely  within  the 
red  shale  are  characterized  by  containing  the  ores  of  copper.  But  the 
zinc  ores,  namely,  zinc  blende  and  calamine,  prevail  in  greater  or  less 
portions  in  both  sets  of  veins,  existing,  perhaps,  in  a  rather  larger 
relative  amount  in  the  copper-bearing  lodes  of  the  red  shale. 

'^  The  gneissic  strata  of  the  tract  embracing  this  group  of  lead- 
bearing  veins  seem  to  differ  in  no  essential  features  from  the  rest  of 
the  formation  ranging  eastward  and  westward  through  this  belt  of 
country.  Here,  ^  elsewhere,  they  consist  chiefly  of  sof\  thinly  bed- 
ded micaceous  gneiss,  a  more  dense  and  ferruginous  hornblendic 
gneiss,  and,  thirdly,  a  thicker-bedded  granitic  gneiss,  composed  not 
unfrequently  of  little  else  than  the  two  minerals,  quartz  and  feld- 
spar. 

^'  Penetrating  this  quite  diversified  formation  are  innumerable  injec- 
tions of  various  kinds  of  granite,  greenstone  trap,  and  other  genuine 
igneous  rocks.  The  granites,  as  throughout  this  region  generally, 
consist  for  the  most  part  of  a  coarse  binary  mixture  of  quartz  and 
opaque  white  feldspar,  tending  easily  to  decomposition.  This  rock 
abounds  in  the  form  of  dykes  and  veins,  sometimes  cutting  the  strata 
of  gneiss  nearly  vertically,  but  often  partially  conforming  with  its 
planes  of  bedding  for  a  limited  space,  and  then  branching  through,  or 
expiring  in  it  in  transverse  or  tortuous  branches.  A  not  uncommon 
variety  of  granitic  dyke  is  a  simple  syenite  composed  of  quartz,  green- 
ish semi-translucent  feldspar,  and  a  smaller  proportion  of  dark  green 
hornblende.  A  sof\,  white,  and  partially  decomposed  granite  is  a 
very  frequent  associate  of  the  stronger  lead-bearing  veins,  particularly 
in  their  more  productive  portions ;  but  this  material  belongs,  in  all  prob- 
ability, not  to  the  ancient  granitic  injections  of  the  gneiss,  but  to  those 
much  later  metalliferous  intrusions  which  filled  long  parallel  rents  in 
that  formation  with  the  lead  ores  and  their  associated  minerals. 

'*  The  gneissic  strata  and  their  granitic  injections  throughout  this  dis- 
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trict  display  a  soAened,  partially  decomposed  condition,  extending  in 
many  places  to  a  depth  of  twenty  fathoms. 

"  Of  the  dozen  or  more  lead  and  copper  lodes  of  greater  or  less 
size  brought  to  light  in  this  quite  limited  region  of  five  or  six  miles^ 
length  and  two  or  three  miles'  breadth,  the  greater  number  are  remark- 
ably similar  in  their  course,  rangmg  N.  32**  —  35**  E.,  and  S.  32**  — 
36**  W. ;  and  what  is  equally  worthy  of  note,  they  dip,  with  scarcely 
an  exception,  towards  the  same  quarter,  or  southeastwardly,  though  in 
some  instances  so  steeply  as  to  approach  the  perpendicular. 

^'  There  is  no  marked  difference  in  the  general  character  of  the 
vein-stones  of  the  several  mineral  lodes,  nor  any  features  to  distinguish 
as  a  class  those  of  the  red  shale  from  those  of  the  gneiss." 

The  minerals  found  in  these  veins  are  quite  numerous,  and  among 
them  there  are  specimens  of  species  hardly  equalled  by  those  coming 
from  any  other  locality.  Professor  Silliman,  in  his  report  on  the  min- 
erals of  this  mine  exhibited  at  the  Crystal  Palace,  says,  that  the  spe- 
cimens of  sulphate  and  molybdate  of  lead  are  the  most  magnificent 
metallic  salts  ever  obtained  in  lead-mming,  and  unequalled  by  any- 
thing to  be  seen  in  the  cabinets  of  Europe. 

48.  Anglesite, 

This  mineral  is  found  abundantly  and  in  beautiful  crystals  at  this 
locality.  The  magnificence  of  many  of  the  specimens  can  only  be 
realized  by  seeing  those  in  Mr.  Wheatley's  cabinet.  The  crystals  are 
remarkable  for  their  size  and  transparency ;  in  some  instances  they 
weigh  nearly  half  a  pound,  being  as  transparent  as  rock-crystal  in 
nearly  every  part.  Crystals  with  terminations  at  both  ends  have  been 
obtained  five  and  a  half  inches  in  length  by  one  and  a  half  in  thick- 
ness ;  perfectly  limpid  crystals  an  inch  in  length  are  quite  common. 

The  following  are  some  of  the  forms  :  — 

1.  —  0,  OD,  1-56. 

2. 0,^-00,  OD-OO,    1,   OD,    1-2,    1-00  ,  OD-QO. 

3.— 0,  J-QO  ,  i-ob  ,  00  ,  1-2,  2-4. 

4.  —0,  J-oo  ,  OD-OO  ,  J-i,  1,  00,  1-2,  2-4,  l-oo , 

Sometimes  the  crystals  of  this  mineral  are  full  of  cavities,  and  of 
a  milk-white  color ;  but  these  do  not  differ  in  composition  from  the 
colorless  and  transparent  forms.     It  also  occurs  in  circular  crystals. 
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It  is  sometimes  colored.  There  is  a  black  variety  produced  by  the 
more  or  less  perfect  admixture  of  the  sulphurets  of  lead  and  copper 
(containing  traces  of  silver)  in  the  mass  of  the  crystals,  whose  form 
is  not  altered.  There  are  crystals  of  a  delicate  green  color,  arising 
from  carbonate  of  copper,  and  others  of  a  yellow  color,  due  to  oxide 
of  iron. 

The  transparent  and  colorless  variety  is  remarkably  pure.  Its  sp. 
grav.  is  6.35.     On  analysis  it  afforded 

Sulphuric  acid, 

Oxide  of  lead,       .... 

Silica, 


1. 

2. 

26.78 

26.61 

73.31 

73.22 

.20 

100.29  99.83 

according  very  precisely  with  the  formula  Ph.  S. 

I  would  call  attention  to  the  method  of  analyzing  this  sulphate,  as 
described  in  another  paper,  for  it  was  analyzed  in  the  moist  way  by 
dissolving  it  first  in  citrate  of  ammonia. 

The  anglesite  of  this  mine  is  found  variously  associated.  It  is  com- 
mon to  find  it  in  geodic  cavities  in  galena,  the  cavities  being  lined 
with  hematite  varying  in  thickness  from  ^  to  ^  an  inch  or  more,  and 
oflen  this  hematite  contains  anglesite  intimately  mixed  in  the  mass. 
It  may  occur  in  crystals  occupying  a  portion  of  the  geode,  or  it  may 
fill  its  entire  capacity,  assuming  the  form  of  the  cavity.  It  is  also 
found  compacted  in  the  galena,  without  the  appearance  of  any  cavity, 
or  the  presence  of  any  other  mineral ;  acicular  crystals  occur  diffused 
through  the  galena.  Observed  also  on  copper  pyrites,  with  a  thin 
layer  of  hematite  intervening  between  the  crystal  and  the  pyrites,  — 
on  crystals  of  zincblende  in  quartz,  —  on  quartz  associated  with  pyro- 
morphite, — on  galena  with  crystals  of  sulphur, — on  calc  spar  without 
any  associate.  One  very  interesting  specimen  consists  of  a  flattened 
crystal  an  inch  square,  having  a  delicate  crystal  of  calc  spar,  over  an 
inch  and  a  half  in  length,  perforating  the  centre,  and  around  which 
the  sulphate  appears  to  have  formed.  It  is  also  found  on  fluor  spar 
without  associate. 

Some  of  the  most  beautiful  specimens  are  where  large  crystals  of 
anglesite  are  covered  with  crystals  of  carbonate  of  lead,  these  latter 
frequently  penetrating  the  anglesite. 
17 
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49.  Cerusile. 

W  .-'rr^tals  of  this  mineral,  though  not  as  large  as  those  of  angle* 
:$«.^v  4:^  3ret  exceedingly  beautiful,  both  in  size  as  well  as  transpar- 
«fery:  the  twin  crystals  are  often  two  inches  broad,  transparent, 
9»l  presenting  the  appearance  of  the  spread  wing  of  a  butterfly ; 
$iMne  of  the  single  crystals  are  an  inch  in  length,  and  half  an  inch 
dikk. 

A  transparent  crystal  weighing  five  grammes  gave  a  sp.  grav.  of 
6.60,  and  on  analysis  furnished 

Carbonic  acid,  ....         16.38 


Oxide  of  lead,      ....  83.76  '  "" 


100.14 

It  occurs  in  hematite  coating  galena,  in  a  manner  similar  to  the 
anglesite,  and  associated  with  it;  also  in  connection  with  pyromor- 
phite,  which  often  colors  the  entire  body  of  the  crystals  of  cerusite. 
It  is  found  on  galena  without  the  association  of  any  other  mineral,  — 
on  green  and  blue  carbonate  of  copper,  —  on  pyromorphite,  which 
often  covers  the  entire  surface  of  the  cerusite  crystals,  imparting  to 
them  an  opaque  yellowish-green  color,  —  on  oxide  of  manganese,  m 
snow-white  crystals,  without  any  other  associate,  —  on  hematite  in  a 
similar  manner  ;  mammillary  masses  of  the  hematite  sometimes  pass 
through  the  crystals.  Some  few  specimens  have  been  found  consist- 
ing of  crystals  of  galena,  with  a  number  of  very  fine  hemitrope  crys- 
tals of  cerusite  on  the  surface.  The  cerusite  is  occasionally  covered 
with  an  exceedingly  thin  coat  of  oxide  of  iron,  giving  the  crystals 
a  dark  red  appearance ;  and  some  of  them,  again,  with  a  very  thin 
layer  of  pyromorphite,  as  delicate  as  if  it  had  been  put  on  with  a 
brush. 

The  cerusite  is  sometimes  colored  black,  green,  and  yellow,  in  a 
manner  similar  to  that  mentioned  under  anglesite. 

50.  Wulfenite. 

This  mineral  is  found  in  small  crystals  of  every  shade  of  color,  from 
a  light  yellow  to  a  bright  red ;  it  has  been  found  in  some  abundance, 
forming,  from  the  manner  of  its  occurrence,  very  beautiful  speci- 
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mens.     The  crystals  present  a  variety  of 
modified  forms,  tabular  and  octahedral,  one  of 
which  is  here  figured. 
Other  forms  are  0,  1. 

0,  h  1. 

0,  A,  OO-QD  .     (Fig.  1.) 
Specific  gravity  of  a  dark  yellow  variety,  6.95. 

The  composition  of  both  the  yellow  and  red  varieties  was  examined ; 

the  difference  of  color  is  due  to  the  presence  of  vanadic  add  in  the 

red  varieties,  and  the  intensity  of  color  is  proportional  to  the  amount 

of  vanadic  acid,  wliich  in  no  instance  is  much  more  than  one  per  cent. 

The  analyses  afforded 

YeUow  mrieiy.       Red  variety. 

Molybdic  acid,         .         ,         .         .        38.68  37.47 

Vanadic  acid,      ....  1.28 

Oxide  of  lead,         ....        60.48  60.30 

99.16  99.05 

The  second  corresponds  very  nearly  to  97  per  cent. of  molybdate, 
and  3  per  cent  of  vanadate  of  lead.  As  the  last  substance  varies  in 
quantity,  it  cannot  be  regarded  as  giving  a  distinct  specific  character 
to  the  mineral.  This  mineral  has  been  described  as  a  chromo-molyb- 
date  of  lead,  but  by  the  most  careful  examination  only  a  trace  of 
chromium  can  be  detected ;  in  fact,  the  quantity  is  so  minute  as  to 
require  further  examination  in  larger  quantities  to  place  the  matter 
beyond  a  doubt 

Wulfenite  occura  alone  on  crystallized  and  cellular  quartz,  or  asso- 
ciated with  pyromorphite,  whose  beautiful  green  color  is  often  very 
much  enhanced  by  the  contrast  of  Ae  yellow  and  red  crystals  on  its 
surface. 

Sometimes  the  wulfenite  forms  the  mass,  and  crystals  of  pyromor- 
phite  are  sparsely  disseminated  over  the  surface.  It  is  also  found  in 
decomposed  granite,  —  on  carbonate  of  lead  and  oxide  of  manganese, — 
also  associated  with  vanadate  of  lead. 

51.  Vanadate  of  Lead  {Descloizite  1). 

This  species  has  never  before  been  remarked  among  American 
minerals,  although  the  chloro-vanadate  (vanadinite)  was  first  discov- 
ered in  Mexico.    This  adds  another  to  the  list  of  curious  minerals 
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from  the  Wheatley  mine.  It  was  noticed  about  a  year  ago  in  the 
form  of  a  dark-colored  crystalline  crust,  covering  the  surface  of 
some  specimens  of  quartz  and  ferruginous  clay,  associated  with  other 
minerals.  Observed  with  a  magnifying-glass,  it  is  seen  to  consist 
principally  of  minute  lenticular  crystals,  grouped  together  in  small 
botryoidal  masses ;  the  cr3r8talline  structure  is  perfect.  Thus  seen, 
the  color  of  the  mass  is  of  a  dark  purple,  almost  black.  When  seen 
by  transmitted  light,  the  color  is  dark  hyacinth-red,  and  translucent. 
The  streak  is  dark  yellow.  From  the  difficulty  of  obtaining  any 
quantity  of  sufficient  purity,  nothing  accurate  can  be  stated  with  ref- 
erence to  its  specific  gravity  and  hardness ;  and  for  the  purpose  of 
analysis  I  was  obliged  to  use  material  which,  although  containing  pure 
crystals  of  the  vanadate,  was  yet  mixed  with  crystals  of  molybdate  of 
lead,  and  other  impurities.  ^ 

The  chemical  analysis  is  an  imperfect  one,  yet  the  best  that  can  be 
made  from  the  mineral  as  it  has  been  found.    It  is  as  follows :  — 

Vanadic  acid, 11.70 

Molybdic  acid, 20.14 

Oxide  of  lead, 55.01 

Oxides  of  iron  and  manganese, ) 
Alumina,  ) 

Oxide  of  copper, 1.13 

Sand, 2.21 

Water, 2.94 


99.03 

If  we  subtract  the  amount  of  oxide  of  lead  requisite  to  form  wulf- 
enite  with  the  molybdic  acid  present,  we  have  left  22.82  per  cent, 
which  is  combined  with  11.7  of  vanadic  acid,  making  a  compound 
correspondmg  to,  Vanadic  acid  66.1,  oxide  of  lead  33.9  =  100. 

This  result  is  not  considered  precise  ;  it  corresponds,  however,  more 
nearly  with  the  composition  of  descloizite,  as  given  by  Damour, 
(P  b»  V  =  V  29.3,  Pb. .  .70.7,)  than  with  dechenite,  by  Bergmann 
(Pb  V  ^V  45.34  Pb  54.66). 

The  composition  of  Descloizite  cannot  be  considered  as  having 
been  fairly  made  out,  for  Damour's  results  are  deduced,  as  mine  have 
been,  from  a  very  impure  material,  and  may  on  future  examination 
prove  to  be  Pb'  V' ;  corresponding  in  composition  to  the  chromate  of 
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lead  called  melanochroite.  This  mineral  has  as  yet  been  found  only 
in  small  quantity  at  this  mine,  associated  with  oxide  of  manganese  and 
wulfenite,  the  crystals  of  this  latter  substance  being  more  or  less  cov- 
ered with  minute  crystals  of  the  vanadate. 

52.  Pyromorphite. 

There  are  several  shades  of  color  belonging  to  this  mineral,  —  a 
green  so  dark  as  to  be  almost  black,  olive-green,  pea-green,  leek- 
green,  greenish-yellow,  and  all  intermediate  shades.  It  is  a  very  abun- 
dant ore  at  the  Wheatley  mine,  and  large  quantities  of  it  are  smelted. 
Specimens  of  great  beauty  are  found  occurring  in  botryoidal  masses 
with  columnar  structure,  in  perfect  hexagonal  prisms  with  the  summits 
more  or  less  modified.  Crystals  are  found  half  an  inch  in  diameter. 
Some  of  the  crystals  are  hollow,  with  only  an  hexagonal  shell ;  some- 
times the  ciystals  are  agglomerated  in  a  plumose  form. 

A  dark  green  variety  gave  a  specific  gravity  of  6.94.  No  analysis 
was  made  of  this  mineral,  as  it  will  be  embraced  in  an  examination 
of  the  American  pyromorphites,  to  be  published  at  some  future  time. 

It  is  foimd  in  decomposed  granite,  on  quartz  crystals,  occasionally 
covering  their  entire  surface ;  in  cellular  quartz,  with  molybdate  of 
lead ;  in  large  masses  of  grouped  crystals,  with  small  crystals  of  yel- 
low and  red  molybdate  inserted  on  crystals  of  sulphate  and  carbonate 
of  lead,  and  forming  a  coating  to  large  surfaces  of  galena. 

53.  Mimetene. 

The  specimens  of  this  mineral  that  have  been  found,  although  few 
in  number,  are  remarkable  for  their  beauty  of  crystallization.  Some 
of  the  crystals  are  nearly  colorless,  and  perfectly  transparent ;  others 
of  a  lemon-yellow,  either  pure  or  tinged  with  green.  The  form  is 
that  of  a  perfect  hexagonal  prism,  the  edges  of  the 
summit  most  commonly  truncated,  often  to  such 
an  extent  as  to  terminate  the  crystal  with  an  hex- 
agonal pyramid  (Fig.  2).  The  crystals  are 
sometimes  as  small  as  a  hair,  and  a  quarter  of 
an  inch,  or  more,  in  length ;  and  again  they  are 
so  broad  and  short,  as  to  form  hexagonal  plates 
half  an  inch  across. 
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A  specimen  of  the  lemon-yellow  variety  was  examined ;  it  gave  a 
specific  gravity  of  7.32,  and  was  found  to  contain 

Arsenic  acid, 23.17 

Chlorine, 2.39 

Oxide  of  lead, 67.05 

Lead, 6.99 

Phosphoric  acid, 14 

99.74 
corresponding  to.  Arsenate  of  lead  90.66,  chloride  of  lead  9.34  = 
Pb»As+JPbCl. 

This  specimen  of  mimetene  is  seen  to  be  almost  free  from  phos- 
phoric acid,  containing  only  about  j^  of  one  per  cent,  in  this  respect 
resembling  that  from  Zacatecas,  as  analyzed  by  Bergmann. 

This  mineral  is  found  in  granite  or  quartz.  It  is  also  associated 
with  pyromorphite,  and  sometimes  the  two  run  together,  so  as  to  pre- 
sent no  distinct  line  of  demarcation  between  them ;  some  of  the  speci- 
mens consist  of  the  two  minerals,  the  pyromorphite  forming  one 
entire  surface,  and  mimetene  the  opposite  surface,  and  between,  va- 
rious shades  of  the  mixture.  It  has  been  found  with  galena  and  car- 
bonate of  lead. 

54.  Galena. 

The  compact,  fibrous,  and  crystallized  varieties  of  galena  occur  at 
this  mine.  Fine  crystals  are  found,  either  a  perfect  cube  or  a  cube  with 
modified  edges  and  angles,  octahedron  and  rhombic  dodecahedron, 
often  very  much  flattened  out,  and  occasionally  rounded  to  an  almost 
glohular  form ;  these  rounded  crystals  are  usually  covered  with  pyro- 
morphite. The  galena  is  sometimes  cellular,  arising  from  partial 
decomposition,  the  exterior  portion  presenting  a  black  drusy  appear- 
ance, the  interior  of  a  bright  steel  color ;  this  variety  is  particularly 
rich  in  silver,  and  also  contains  crystals  of  sulphur. 

The  galena  is  argentiferous,  givmg  an  average  yield  of  thirty 
ounces  to  the  ton.  It  is  found  associated  with  quartz,  calcite,  and 
fluor  spar,  frequently  inserted  in  the  crystals  of  these  substances  ;  it 
is  also  a  common  associate  of  all  the  minerals  of  this  locality.  Some 
of  the  cubical  crystals  have  their  surfaces  partly  decomposed,  and 
covered  with  a  layer  of  crystals  of  carbonate.  Specimens  are  found 
of  very  large  cubical  and  octahedral  crystals,  forming  slabs  several 
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square  feet  in  surface,  completely  covered  with  a  layer  of  leek-green 
phosphate.     The  cavities  of  the  galena  frequently  contain  sulphur. 

55.  Copper* 

Native  copper  is  found  only  in  delicate  films  on  hematite  or  quartz 
crystal,  and  forms  an  interposing  layer  hetween  the  hematite  and  cop- 
per pyrites. 

56.  Copper  Pyrites, 

Chopper  pyrites  is  found  in  some  cases  in  sufficient  quantity  to  be 
worked  as  an  ore;  some  of  the  masses  are  of  considerable  size, 
weighing  three  or  four  hundred  pounds.  Fine  crystals  are  obtained, 
both  tetrahedral  and  octahedral.    It  affords  on  analysis. 

Sulphur, 36.10 

Copper, .        32.85 

Iron, 29.93 

Lead, .35 

99.23 

It  occurs  alone,  and  associated  with  the  other  sulphurets.  It  is 
found  in  various  parts  of  the  vein,  there  being  no  special  point  of 


57.  Malachite. 

Malachite  occurs  in  small  reniform  masses,  consisting  of  fibrous 
crystals,  and  of  a  bright  green  color ;  also  in  silky  tufU  of  a  very  light 
green  color,  which  are  associated  with  azurite  and  carbonate  of  lead. 
Its  specific  gravity  is  4.06.    An  analysis  gave. 

Carbonic  acid, 19.09 

Oxide  of  copper, 71.46 

Water, 9.02 

Oxide  of  iron, .12 

99.69 
afibrding  the  formula  Cu  C  4-  Cu  H. 

It  is  associated  with  the  various  ores  of  copper  and  lead  of  the 
Wheatley  mine,  and  sometimes  so  thoroughly  difiused  through  the 
sulphate  and  carbonate  of  lead,  as  to  give  them  a  uniform  green  tint 
It  is  not  found  in  any  quantity. 
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58.  Azuriie. 
This  mineral,  although  rare,  is  found  in  beautiful  crystals,  some 
measuring  from  |  to  ^  inch  across,  of  a  deep  blue  color,  and  highly 
polished  faces.     Its  specific  gravity  is  3.88.    An  analysis  gave, 

Carbonic  acid, 24.98 

Oxide  of  copper, 69.41 

Water, 5.84 

100.23 

giving  the  formula  2  Cu  C  +  Cu  H. 

This  species  occurs  in  similar  associations  with  the  malachite.  It 
is  however  rarer. 

59.  Zinc  Blende. 

Blende  is  found  in  considerable  quantity,  both  massive  and  crystal- 
lized.  Some  of  the  crystals  are  exceedingly  beautiful,  and  of  large 
size,  being  three  or  four  inches  in  diameter,  and  with  very  brilliant 
surfaces.  The  colors  are  dark  hair-brown  and  black,  the  brown  being 
transparent  The  specimens  from  this  locality  are  hardly  surpassed 
by  those  from  any  other  mine.  A  specimen  that  was  analyzed  gave 
the  following  results :  — 

Sulphur, 33.82 

Zinc, 64.39 

Cadmium,      . 98 

Copper, .32 

Lead, 78 

100.29 

It  is  proposed  to  examine  yet  other  specimens,  to  see  if  there  may 
not  be  larger  amounts  of  cadmium  contained  in  some  of  them. 

This  mineral  occurs  in  fluor  spar,  calc  spar,  and  quartz,  more  or 
less  mixed  with  thq  other  sulphurets.  In  some  instances  it  is  very 
peculiarly  interlaced  in  the  rocks ;  thus  we  have  specimens  consisting 
as  it  were  of  four  layers;  namely,  granite,  then  compact  crystallized 
quartz  three  fourths  of  an  inch  thick,  then  the  blende  an  inch  thick, 
on  that  a  layer  of  crystals  of  calc  spar,  and  on  this  last  fluor  spar. 

60.  Calamine. 
Calamine  is  found  in  delicate  crystals  of  a  silky  lustre,  forming  in 
some  instances  snow-white  tufts  on  fluor  spar,  blende,  and  carbonate 
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of  lime.  It  is  also  found  on  cellular  quartz.  Some  of  the  specimens 
are  quite  handsome,  having  a  blue  and  yellow  color  from  the  pres- 
ence of  carbonate  of  copper  and  oxide  of  iron.  No  analysis  was 
made  of  any  of  the  specimens. 

61.  Brown  Hematite. 

This  ore  occurs  in  concretionary  masses,  of  a  dark  liver-color  and 
compact  structure,  associated  with  nearly  all  the  minerals  of  this 
mine.  It  very  commonly  forms  a  lining  to  cavities  in  galena,  in 
which  are  found  crystals  of  anglesite  and  cerusite ;  sometimes  it  lines 
cavities  in  the  rock  that  are  completely  filled  with  cubical  galena. 
Acicular  concretions  of  the  hematite  are  found  traversmg  crystals  of 
anglesite  and  cerusite.  A  specimen  of  the  purest  hematite  gave  for 
its  composition, 

Peroxide  of  iron, 80.32 

Oxide  of  copper, .94 

Oxide  of  lead, 1.51 

Water, 14.02 

Silica, 3.42 

100.21 

62.  Fluor  Spar. 

The  remarkable  feature  of  the  fluor  spar  of  this  mine  is  the  absence 
of  color,  all  the  specimens  yet  found  being  colorless  and  transparent. 
The  crystals  are  very  perfect  and  beautiful,  yet  small ;  it  is  some- 
times in  globular  concretions,  of  crystalline  structure  radiating  from 
the  centre.  The  cube,  which  is  the  more  common  crystalline  form, 
is  sometimes  very  much  modified  by  the  truncation  of  the  edges  and 
angles.  A  specimen  that  was  examined  gave  a  specific  gravity  of 
3.15,  and  the  following  composition :  — 

Fluorine, 48.29 

Calcium,  50.81 

Phosphate  of  lime, trace. 

99.10 

It  is  associated  with  calc  spar,  and  in  some  instances  in  a  remark- 
able manner,  mentioned  under  the  head  of  calc  spar.  Galena  and 
blende  are  interspersed  through  it.    Its  occurrence  in  the  mine  was 
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first  noticed  at  the  depth  of  three  hundred  feet,  and  since  then  it  has 
heen  found  abundantly. 

63.  Calc  Spar. 

There  are  a  variety  of  interesting  forms  and  associations  of  this 
mineral.  The  two  most  common  are  the  dog-tooth  spar  and  the  hex- 
agonal prism  with  a  three-sided  summit,  and  occasionally  the  hexag- 
onal prism  with  flattened  summits  like  arragonite.  Sometimes  slabs 
of  this  mineral  are  found,  with  a  surface  of  eight  or  ten  square  feet  com- 
pletely covered  with  prismatic  crystals  an  inch  or  two  in  length,  and 
from  half  an  inch  to  an  inch  in  thickness ;  they  are  mostly  vertical, 
but  occasionally  horizontal,  with  double  terminations.  These  crystals 
are  sometimes  of  a  remarkable  character,  being  eight  or  ten  inches  in 
length,  and  only  a  quarter  of  an  inch  in  diameter,  preserving  a  toler- 
ably perfect  hexagonal  shape  throughout  the  entire  length;  again, 
these  slender  forms  are  built  up  of  small  hexagonal  prisms,  their  faces 
projecting  from  the  side.  It  sometimes  happens  that  these  slender 
crystals  are  crossed  by  one  of  the  same  diameter,  and  less  length, 
firmly  attached  in  the  manner  of  a  cross. 

But  of  all  remarkable  crystallizations  is  one  where  the  small  prisms 
are  so  arranged  as  to  form  a  perfect  double  spiral  arranged  around 
an  axis  (Fig.  3) ;  the  specimen  is  three  inches  in  length,  and  three 

eighths  of  an  inch  in  diameter,  with  the  space  of  a  fourth  of  an  inch 
between  each  turn  of  the  spiral.  The  spiral  arises  from  one  small 
prism,  crossing  another  at  middle  at  a  small  angle  of  divergence 
(40** -50**),  and  so  on  in  succession.  These  slender  crystals  are 
sometimes  curved  in  a  very  remarkable  nianner. 

Another  thing  to  be  remarked  in  connection  with  the  calcite  of  this 
mine  is  its  singular  associations ;  thus,  we  find  groups  of  hexagonal 
prisms  where  a  small  cubical  crystal  of  fluor,  about  the  twentieth 
of  an  inch,  is  inserted  in  a  small  pit  in  the  summit  of  almost  every 
crystal  (Fig.  4),  without  the  occurrence  of  fluor  spar  on  any  other 
parts  of  the  crystal.     These  crystals  appear  to  have  been  formed 
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by  successive  crystallizations.  Dog-tooth  spar 
seems  to  have  been  first  formed  with  these 
small  crystals  of  fluor  spar  on  their  extremities, 
and  then  by  a  subsequent  process  the  calcite 
has  closed  around  the  dog-tooth  spar  in  the  form 
of  an  hexagonal  prism  with  a  three-sided  summit. 
The  summit  never  closes  entirely  at  the  centre, 
the  fluor  spar  remainmg  visible  on  one  side,  and 
where  there  is  no  crystal  of  fluor  spar,  the  ex- 
tremity of  the  dog-tooth  spar  is  frequently  seen. 

Other  groups  of  calcite  crystals  have  minute  crystals  of  iron  pyr- 
ites in  the  three  faces  of  the  summit,  arranged  near  and  perfectly 


parallel  to  the  alternate  edges,  as  seen  in  Fig.  5.  Every  crystal  in 
the  group  is  thus  furnished  with  a  set  of  crystals  of  pyrites. 

In  another  group  of  crystals,  the  pyrites,  in  equally  small  crystals, 
is  found  in  three  lines  on  the  summit  of  every  crystal,  running  from 
the  apex  towards  the  edges,  exactly  bisecting  each  face,  as  seen  in 
Fig.  6. 

In  this  instance,  as  well  as  in  the  former,  the  pyrites  is  inserted 
entirely  beneath  the  surface  of  the  crystal,  which  is  perfectly  smooth. 

The  calcite  is  found  in  large  crystals  in  dolomite,  and  is  associated 
with  most  of  the  ores  of  the  mine.  It  sometimes  gives  rise  to  pseudo- 
morphs  of  molybdate  of  lead  and  carbonate  of  lead ;  these  pseudo- 
roorphs  are  mere  shells,  however,  retaining  the  form  of  the  calcite. 

64.  Sulphur. 

Sulphur  occurs  in  the  form  of  small  pale  greenish-yellow  crystals ; 
they  are  transparent,  and  disseminated  through  cellular  galena,  which 
appears  to  have  undergone  partial  decomposition ;  the  galena  in  which 
it  occurs  is  frequently  associated  with  copper  and  iron  pyrites,  and  m 
some  rare  instances  with  carbonate  and  phosphate  of  lead. 
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The  other  minerals  occurring  in  the  Wheatley  mine  are  finely  crys- 
tallized quartz  J  oxide  of  manganese^  iron  pyrites,  sulphate  of  baryta, 
indigo  copper,  black  oxide  of  copper,  and  dolomite. 

Of  the  other  mineral  veins  in  this  region,  none  have  yielded  the 
beautiful  mineral  species  furnished  by  the  Wheatley  vein.  The  Per* 
kiomen  vein,  five  miles  from  the  Wheatley  vein,  has  furnished  fine 
capillary  copper,  indigo  copper,  fine  acicular  crystals  of  sulphate  of 
baryta,  crystallized  copper,  and  some  cr3rstals  of  sulphate,  carbonate, 
and  yellow  molybdate  of  lead ;  but  these  last  were  small,  and  bear  no 
comparison  to  those  described. 

It  was  hoped  that  somethmg  might  be  learned  concerning  the  for- 
mation of  the  minerals  of  this  vein,  but  the  difficulties  and  uncertainty 
attendant  upon  the  study  of  questions  of  this  kind  make  it  prudent  to 
postpone  any  views  that  might  be  suggested.  It  may,  however,  be 
well  to  remark,  that,  in  opening  the  vein,  and  descending  from  the 
surface  for  the  first  thirty  feet,  the  phosphate  of  lead  was  very  abun* 
dant,  with  some  galena  and  carbonate ;  a  little  lower  down,  the  phos- 
phate  was  less,  and  the  carbonate  more  abundant.  Wulfenite  and 
anglesite  began  to  appear  at  120  feet;  the  phosphate  and  carbonate 
still  continued  with  the  galena,  with  fine  large  crystals  of  anglesite, 
and  considerable  wulfenite  ;  at  180  feet,  phosphate  very  much  dimin* 
ished,  carbonate  and  sulphate  in  fine  crystals ;  arsenate  was  found  here ; 
at  240  feet,  blende,  calamine,  and  fluor  spar  appear,  with  considerable 
dolomite,  and  but  little  phosphate  of  lead,  galena  forming  almost  the 
whole  lead  ore ;  anglesite  is  found,  but  in  smaller  prystals.  These 
observations  may  hereafter  lead  to  some  conclusions  as  to  the  manner 
of  the  formation  of  these  minerals,  but  at  present  I  prefer  dismissing 
the  subject  without  further  remarks. 


m.    GEOLOGY. 


1.  Remarks  on  some  Points  connected  with  the  Geology   of 
THE  North  Shoee  of  Lake  Superior.    By  J.  D.  Whitney. 

(Abstract.) 

The  object  of  this  communication  was  to  give  a  sketch  of  the  re- 
sults of  observations  made  by  the  author  on  the  north  shores  of  Lake 
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Superior  and  Lake  Huron,  during  a  portion  of  two  seasons  after  the 
completion  of  the  geological  survey,  by  Mr.  Foster  and  himself,  of 
that  part  of  the  southern  shore  which  is  included  in  the  Lake  Superior 
Land  District.  Apart  from  the  scientific  interest  attaching  to  an  ex- 
amination of  the  northern  shore  of  this  lake,  it  became  a  matter  of 
great  practical  importance  that  the  analogy  between  the  rocks  of  the 
two  sides  of  the  lake  should  be  studied,  with  reference  to  the  proba- 
ble yalue  of  the  cupriferous  veins  which  were  known  to  exist,  and 
which  have  been  more  or  less  extensively  worked  at  various  points  on 
the  Canadian  side  of  Lake  Superior,  but  nowhere  with  that  success 
with  which  they  have  been,  and  are  now,  wrought  within  the  territory 
of  the  United  States. 

The  northeastern  side  of  the  lake,  from  Gros  Cap,  near  its  outlet, 
to  the  northeastern  corner  of  Neepigon  Bay,  is  formed  by  rocks  of 
the  azoic  system.  Occasional  outliers  and  detached  portions  of  the 
Lake  Superior  sandstone,  forming  the  base  of  the  palsBOzoic  sys- 
tem of  the  Northwest,  lie  along  the  shore ;  and  most  of  the  large 
islands  at  this  end  of  the  lake,  with  the  exception  of  Michipicoten, 
show  nearly  horizontal  strata  of  the  same  rock,  indicating  that  the 
basin  of  the  lake  in  this  direction  was  once  covered  with  sandstone, 
which  has  since  been  removed  by  denudation.  Thus  the  lake  basin 
may  be  divided  into  two  portions  by  a  line  drawn  from  Keweenaw 
Point  to  Michipicoten  Island ;  that  to  the  north  owes  its  form  to  the 
existence  of  an  axis  of  depression  between  two  parallel  lines  of  eleva- 
tion, running  nearly  northeast  and  southwest,  and  from  50  to  60  miles 
distant  from  each  other ;  while  that  portion  which  lies  to  the  south  has 
been  simply  scooped  out  by  the  action  of  water.  The  considera- 
bly diminished  depth  of  the  southeastern  part  of  the  lake,  as  com- 
pared with  the  northern  and  central  portions,  would  appear  to  confirm 
this  opinion,  although  the  soundings  which  have  been  taken  as  yet  are 
not  sufficiently  numerous  to  show  the  exact  shape  of  the  bottom  of  the 
lake. 

From  Saut  Ste.  Marie,  following  the  south  shore  in  its  whole  extent, 
and  along  the  north  side  as  far  east  as  the  northeastern  extremity  of 
Neepigon  Bay,  we  find  exposed  on  the  lake  shore  only  shales,  sand- 
stones, and  conglomerates,  the  equivalent  of  the  Potsdam  sandstone, 
and  the  accompanying  trappean  rocks,  with  the  exception  of  the  north 
side  of  Thunder  Bay  and  the  vicinity  of  Carp  River,  where  the  lake 
18 


806  B.   CHEBillSTRY    AND    NATURAL    HISTORY. 

has  its  extreme  southern  extension.  At  each  of  these  points  the  sand- 
stone has  been  washed  away,  so  as  to  allow  the  azoic  to  make  its  ap- 
pearance along  the  lake  shore  for  a  distance  of  a  few  miles.  An 
almost  straight  line  drawn  northeast  and  southwest  from  the  north- 
east comer  of  Neepigon  Bay,  along  the  north  side  of  Thunder  Bay, 
crossing  the  Kamanistiquia  River  at  Eakabeka  Falls,  and  Pigeon  River 
at  the  falls  of  the  same  name,  and  keeping  nearly  parallel  with,  and  a 
few  miles  distant  from,  the  coast  of  the  lake  from  this  point  west- 
ward, marks  the  southern  limit  of  the  azoic  on  the  north  side  of  the 
lake.  An  inspection  of  the  map  of  Lake  Superior  will  show  how 
marked  has  been  the  influence  of  this  line  of  upheaval  in  determining 
the  general  outline  of  the  lake  on  this  side.  On  the  south  side  the 
northern  line  of  the  azoic  still  preserves  an  approximate  parallelism 
with  the  shore  ;  but^^a  belt  of  sandstone  and  trap  much  wider  than  that 
on  the  other  side  interposes  between  it  and  the  lake,  and  the  axis  of 
depression  becomes  less  and  less  marked  towards  the  west. 

Similar  as  are  the  north  and  south  shores  of  the  lake  in  the  general 
features  of  their  geology,  the  detidls  of  the  structure  which  they  exhib- 
it are  very  different.  The  most  important  distinction  between  the  two 
shores  is  in  the  character  of  the  igneous  masses  which  accompany  the 
sedimentary  rocks.  On  the  south  side  we  have  gently  curving  bands 
of  trappean  rock,  of  quite  regular  thickness  and  persistent  in  lithologi- 
cal  character,  which  usually  extend  for  many  miles  uninterruptedly. 
Thus,  the  great  greenstone  ridge  of  Keweenaw  Point  may  be  followed 
for  more  than  forty  miles,  forming  the  most  conspicuous  feature  in  the 
topography  of  the  region,  and  everywhere  underlaid  by  a  band  of 
conglomerate,  which,  though  only  a  few  feet  in  thickness,  extends 
with  perfect  regularity  from  the  extremity  of  the  Point  to  beyond  the 
Cliff  Mine.  There  are  but  few  cross-fractures,  slides,  or  heaves  of  the 
beds  of  rock  upon  this  side  of  the  lake,  and  no  dykes  whatever  from 
one  end  of  the  region  to  the  other.  On  the  other  side,  the  change  in 
this  respect  in  the  character  of  the  igneous  rocks  is  most  marked. 
Isle  Royale,  lying  from  15  to  20  miles  in  advance  of  the  entrance 
to  Thunder  Bay,  is  mostly  made  up  of  bedded  traps,  and  is  the  coun- 
terpart of  the  north  side  of  Keweenaw  Point  The  beds  of  rock  are, 
however,  usually  thin,  and  very  varying  in  lithological  character,  and 
the  same  is  true  of  Michipicoten  Island,  although  to  a  somewhat  less 
extent.   That  part  of  the  northern  coast  which  belongs  to  the  Territory 
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of  Minnesota  is  quite  regular  in  its  general  outlme,  and  has  but  few 
islands  in  advance  of  it ;  it  is  made  up  of  bands  of  slates  and  sand- 
stones, which  are  often  much  hardened  and  changed  in  character,  and 
which  alternate  with  bedded  traps  and  volcanic  grits.  The  whole  sys- 
tem has  a  dip  towards  the  lake,  as  on  the  south  side.  The  great 
number  of  dykes  which  intersect  the  bedded  traps  and  sandstones  in 
this  region  form  a  marked  feature  in  its  geology,  and  one  which  dif- 
fers from  anything  exhibited  on  the  southern  shore.  The  beds  of  rock 
being  thin,  and  greatly  disturbed  by  the  dykes,  are  with  difficulty 
traceable  for  any  considerable  distance. 

As  we  approach  Pigeon  Biver,  which  forms  the  boundary  between 
Minnesota  and  Canada,  and  which  is  nearly  opposite  the  western  end 
of  Isle  Royale,  the  shore  of  the  lake  becomes  very  irregular  in  its 
outline,  and  deeply  indented  by  bays,  and  forms  lofty  and  precipitous 
cliffi,  which  display  some  of  the  most  picturesque  and  striking  scen- 
ery of  the  Northwest.  Between  Pigeon  Biver  and  Fort  William  the 
region  bordering  on  the  lake  is  exceedingly  broken,  and  rises  in  pre- 
cipitous ranges,  sometimes  to  the  height  of  1,000  feet  above  the  lake. 
They  have  a  trend  rudely  parallel  with  that  of  the  coast,  but  are  very 
irregular  in  Uieir  outline.  The  rock  of  which  they  are  composed  is  a 
trap,  usually  hard  and  crystalline,  resembling  that  of  the  southern 
range  of  Keweenaw  Point  It  is  frequently  traversed  by  vertical 
planes  of  cleavage,  so  as  to  assume  a  columnar  structure,  and  occa- 
sionally it  takes  on  the  appearance  of  a  trap  shale,  being  readily 
separated  into  flat  plates  or  laminss  by  horizontal  lines  of  division. 
McEay^s  Mountain  and  Pie  Island  are  two  of  the  most  conspicuous 
landmarks  of  this  region.  Thunder  Cape  is  the  most  elevated  pomt 
on  the  shores  of  Lake  Superior,  and  one  of  the  most  interesting.  It 
consists  of  a  narrow  ridge  from  four  to  five  miles  in  length,  elevated 
in  its  highest  point  about  1,350  feet  above  the  lake.  Very  thinly 
bedded  slates  or  shales  of  a  dark  color,  and  somewhat  argillaceous, 
which  sometimes  divide  into  sheets  as  thin  as  paper,  make  up  nearly 
800  feet  of  the  thickness  of  this  mass.  These  slates,  which  lie  nearly 
horizontally,  are  capped  by  a  sheet  of  trappean  rock  from  200  to  300 
feet  in  thickness.  This  elevation  occupies  the  extremity  of  the  neck 
of  land,  which  runs  in  a  northwest  and  southeast  direction,  and  sepa- 
rates Black  from  Thunder  Bay.  A  few  miles  east  of  the  extremity  of 
the  point  of  Thunder  Cape,  the  rock  exposed  along  the  shore  is  sand- 


208  B.    CHEMISTRY   AND   NATURAL    HISTORY. 

stone,  which  dips  from  10°  to  15°  to  the  southeast,  and  is  made  up  of 
huff  and  red  layers,  which  are  rather  thinly  hedded.  The  dark  slates 
of  Thunder  Cape  seem  to  he  only  a  local  modification  of  the  sand- 
stone, similar  to  that  which  occurs  at  Black  and  Presqu*  Isle  Rivers 
on  the  south  shore,  where  a  dark-colored,  highly  fissile  slate  passes 
gradually  into  the  usual  light-colored,  heavy-hedded  sandstone  of  the 
region.  In  the  isolated  precipitous  knohs  and  ridges  of  the  trap  in 
this  region  we  see  the  evidence  of  very  considerable  displacements  of 
the  rocks  along  lines  of  fracture,  extending  nearly  northeast  and 
southwest,  and  of  secondary  shorter  lines  at  right  angles  to  this  direc- 
tion. There  are  also  marks  of  powerful  denudation,  and  to  this  cause, 
as  well  as  to  the  shortness  and  abruptness  of  the  lines  of  elevation, 
the  broken  and  irregular  form  of  the  coast  must  be  ascribed.  The 
peninsulas  which  separate  Thunder  Bay  from  Black  Bay,  and  the  last 
named  from  Neepigon  Bay,  are  low,  and  show  strata  of  sandstone 
dipping  gently  to  the  southeast.  If  the  surface  of  the  lake  were 
elevated  a  few  feet,  probably  not  more  than  a  hundred,  these  bays 
would  all  become  connected  with  each  other,  and  this  part  of  the 
lake  shore  would  extend,  in  a  nearly  regular  line,  from  northeast  to 
southwest,  having  in  front  of  it,  at  a  distance  of  10  or  15  miles,  a 
range  of  lofty  and  precipitous  islands,  of  which  what  is  now  Thunder 
Cape  would  be  the  most  conspicuous. 

The  distance  to  which  the  trap  and  sandstone  formation  extends 
towards  the  northeast  from  the  northern  extremity  of  Neepigon  Bay 
is  not  known.  A  few  miles  up  Neepigon  River,  which  runs  into  the 
bay  at  its  northwest  angle,  cliffs  of  trap,  from  700  to  800  feet  high, 
may  be  observed  resting  on  beds  of  red  and  somewhat  argillaceous 
sandstone.  From  the  summit  of  these  cliffs,  looking  to  the  north- 
east, the  same  kind  of  formation  seems  to  extend  to  a  considerable 
distance.  St.  Ignace,  Simpson's,  and  the  Vein  Islands,  which  lie  in 
front  of  Neepigon  Bay,  are  made  up  of  alternating  beds  of  trappean 
rock  and  sandstone,  with  some  conglomerate,  and  resemble  Isle  Royale 
in  their  lithological  character. 

Veins  have  been  opened  and  worked  on  the  east  side  of  the  lake 
in  the  azoic,  and  on  the  north  side  in  the  trap  accompanying  the 
Lake  Superior  sandstone,  and  numerous  indications  of  copper  have 
been  observed  at  various  pointy  along  the  whole  line  of  the  shore.  So 
far  as  is  known,  there  are  no  mines  now  in  operation  on  the  Canada 
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side,  nor  have  there  ever  been  within  the  borders  of  Minnesota.  On 
Lake  Huron,  however,  mining  has  been  and  is  now  carried  on  to  a 
considerable  extent  in  the  azoic,  with  fair  prospects  of  success. 

As  a  general  rule  the  following  is  true  of  the  metalliferous  veins 
on  both  sides  of  the  lake.  In  the  azoic  the  veins  have  purely  quartz- 
ose  gangues,  and  bear  copper  pyrites  and  the  sulphurets  of  copper, 
with  some  sulphuret  of  iron.  In  the  unbedded  traps,  which  have  been 
protruded  among  the  alternating  beds  of  trap  and  sandstone,  as  in  the 
south  range  of  Keweenaw  Point  and  the  ranges  northwest  of  Isle 
Royale,  the  ores  are  sulphurets  of  copper  and  copper  pyrites,  with 
considerable  sulphuret  of  zinc,  and  occasionally  native  silver,  while 
the  gangues  are  chiefly  calcareous  spar  and  heavy  spar.  Of  the  latter 
mineral  there  are  numerous  heavy  veins ;  but  when  either  this  vein- 
stone or  calcareous  spar  occurs  unmixed  with  quartzose  matter,  they 
rarely  carry  any  traces  of  ore.  In  the  bedded  trappean  rocks  and  the 
interstratified  conglomerates,  copper  and  silver  occur  almost  solely  in 
the  native  state,  and  are  accompanied  by  zeolitic  veinstones  mixed 
with  quartz  and  calc  spar.  And  it  is  this  latter  class  of  veins  only  in 
which  large  and  profitable  mines  have  thus  far  been  wrought.  In 
these,  regularity  and  thickness  of  the  beds  of  igneous  rock  seem  to 
have  been  necessary  for  the  formation  of  largely  productive  and  well- 
developed  veins.  When  the  beds  of  rock  are  thin,  rapidly  changing 
their  lithological  character,  brecciated  in  their  structure,  or  deranged 
by  irregular  upheaval  and  frequent  cross-fractures,  the  veins  have 
been  rarely  found  rich  in  metallic  contents.  In  the  unbedded  trap, 
which  is  frequently  very  crystalline,  and  has  sometimes  a  porphyritic 
structure,  the  veins  are  sometimes  very  wide  and  regular,  but  the  ore 
is  always  iery  sparsely  disseminated  through  the  veinstone,  and  they 
have  not,  in  any  instance,  been  worked  with  profit 


2.  On   the   Occurrence   of   the   Ores   of   Iron   in    the  Azoic 
System.    By  J.  D.  Whitney. 

The  object  of  the  present  communication  is  to  call  attention  to  the 
geological  position  and  mode  of  occurrence  of  one  of  the  most  inter- 
esting and  important  classes  of  the  ores  of  iron,  namely,  those  which 
are  associated  with  rocks  of  the-  azoic  system. 
18  • 
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The  term  Azoic,  first  applied  by  Murchison  and  De  Yemeuil  ia 
their  description  of  the  geology  of  the  Scandinavian  Peninsula,  has 
been  adopted  by  Mr.  Foster  and  myself  in  our  Reports  on  the  Geology 
of  the  Lake  Superior  Land  District,  and  has  been  shown  by  us  to  be 
applied  with  propriety  to  a  series  of  rocks  which  covers  an  immense 
space  in  the  Northwest.  We  have  called  attention  to  the  fact,  that 
this  system  of  rocks,  wherever  it  has  been  demonstrated  to  exist,  has 
been  found  characterized  by  the  presence  of  deposits  of  the  ores 
of  iron,  developed  on  a  scale  of  magnitude  unlike  anything  which 
occurs  in  any  of  the  succeeding  geological  groups  or  systems  of 
rocks. 

As  illustrations  of  these  views,  we  have  briefly  described  some  of 
the  great  ferriferous  districts  of  the  world,  and  particularly  those  of 
Lake  Superior,  Scandinavia,  Missouri,  and  Northern  New  York,  all 
of  which  exhibit  the  most  marked  analogy  with  each  other,  both  in 
regard  to  the  mode  of  occurrence  and  the  geological  position  of  the 
ores.  The  two  last-named  regions,  however,  not  having  been  thor- 
oughly examined  by  us  in  person,  we  were  obliged  to  content  our- 
selves with,  information  obtained  from  others,  in  making  a  comparison 
of  their  most  striking  features. 

Strongly  impressed  with  the  interest  attaching  to  this  subject,  I  availed 
myself  of  the  first  opportunity,  after  the  publication  of  our  Beport, 
to  visit  tlie  iron  regions  of  Missouri  and  Northern  New  York,  from 
the  last-named  of  which  I  have  just  returned,  after  a  careful  examina- 
tion of  the  most  important  localities  where  ore  is  now  mined  in  that 
district.  While  it  is  intended  to  take  anotlicr  opportunity  for  giving  a 
minute  and  detailed  account  of  this  region,  it  may  be  permitted  to  re- 
capitulate here  the  principal  points  maintained  by  Mr.  Foster  and 
myself,  and  to  the  general  correctness  of  which  my  more  recent  ex- 
plorations have  furnished  me  with  additional  evidence. 

We  maintain,  therefore,  — 

1.  That  deposits  of  the  ores  of  iron  exist  in  various  parts  of  the 
world,  which  in  extent  and  magnitude  are  so  extraordinary  as  to*  form 
a  class  by  themselves.  The  iron  regions  mentioned  above  offer  the 
most  striking  examples  of  the  deposits  now  referred  to. 

2.  That  the  ores  thus  occurring  have  the  same  general  character, 
both  mineralogically  and  in  their  mode  of  occurrence,  or  their  rela- 
tions of  position  to  the  adjacent  rocks. 
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3.  That  these  deposits  all  belong  to  one  geological  position,  and  are 
characteristic  of  it. 

The  extent  of  the  workable  deposits  of  the  ores  of  the  useful  metals 
is  usually  quite  limited.  Most  of  the  veins  which  are  wrought  in 
mines  throughout  the  world  are  but  a  few  feet  in  width,  of\en  not 
more  than  a  few  inches.  This  is  true  of  the  ores  occurring  in  veins. 
In  sedimentary  metalliferous  deposits,  such  as  those  of  the  ores  of  iron 
in  the  carboniferous,  the  horizontal  extent  is  often  very  considerable ; 
but  the  vertical  range  is  so  limited,  that  the  most  extensive  basins  may 
be  in  time  exhausted,  when  worked  on  so  extensive  a  scale  as  is  the 
case  in  some  of  the  celebrated  iron  districts  of  Great  Britain.  The 
deposits  of  iron  in  the  azoic,  however,  are  many  of  them  developed 
on  such  a  scale  of  magnitude,  that  the  term  ^^  mountain  masses ''  may 
be  applied  to  them  without  exaggeration,  while,  from  the  very  nature 
of  their  occurrence,  they  must  extend  indefinitely  downwards,  and 
cannot  be  exhausted.  Thus  the  great  iron  mountain  of  Gellivara,  in 
Sweden,  has  a  length  of  three  or  four  miles,  and  a  width  of  not  less 
than  a  mile  and  a  half.  Of  course  such  a  mass  of  ore,  without  limit 
in  depth,  might  be  worked  on  the  most  enlarged  scale  for  any  length 
of  time  without  fear  of  exhaustion.  The  same  may  be  said  of  some 
of  the  iron  knobs  and  ridges  of  Lake  Superior  and  of  Missouri. 
They  form  veritable  mountains  of  ore,  and  ages  must  elapse  before 
their  dimensions  will  have  been  perceptibly  diminished.  This  is  not 
necessarily  the  case  with  all  the  localities  of  ore  of  these  districts. 
Indeed,  in  Northern  New  York  and  in  Scandinavia,  although  there  are 
accumulations  of  iron  which  may  be  measured  by  hundreds  of  feet,  or 
even  by  miles,  yet  those  which  are  best  known  and  most  worked  are 
of  much  more  reasonable  dimensions. 

The  character  of  the  ores  thus  occurring  is  mineralogically  peculiar. 
They  consist  uniformly  of  the  oxides,  either  the  magnetic  or  the  spec- 
ular. Hydrous  ores,  carbonates,  and  the  like  are  altogether  wanting, 
unless  it  be  upon  the  borders  of  the  ore  deposits,  where  a  secondary 
metainorphic  action  between  the  ferriferous  mass  and  the  adjacent 
rocks  may  have  taken  place.  The  oxides  found  in  this  geological 
position  are  in  general  remarkably  free  from  all  injurious  substances, 
such  as  sulphur,  arsenic,  lead,  or  zinc,  and  usually  the  approach  to 
chemical  purity  in  the  ores  is  in  proportion  to. the  extent  of  the  mass, 
the  largest  deposits  being  the  purest.    The  principal  foreign  ingre- 
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dient  mixed  with  these  ores  is  silica,  which  is  always  present,  although 
frequently  in  minute  quantity.    Indeed,  the  analyses  of  the  Lake  Su- 
perior and  Missouri  ores  show,  in  some  instances,  a  surprisingly  near 
approach  to  a  state  of  absolute  purity.     It  would  not  be  difficult  b 
some  localities  to  procure  large  quantities  of  an  ore  not  containing 
more  than  two  or  three  tenths  of  one  per  cent  of  foreign  matter,  and 
that  exclusively  silica.    The  purity  of  the  ores  may  be  inferred  from 
the  high  character  and  value  of  the  iron  manufactured  from  them 
when  they  have  been  skilfully  worked,  as,  for  instance,  in  Sweden. 
Some  samples  of  iron  manufactured  from  Lake  Superior  ore  have, 
when  tested,  exhibited  a  degree  of  tenacity  unequalled  by  that  from 
any  other  part  of  the  world.     The  ores  of  Lake  Superior  and  Missouri 
are  mostly  peroxides ;  those  of  Northern  New  York  almost  exclusively 
magnetic ;  while  in  Scandinavia  the  magnetic  and  specular  ores  are 
both  of  frequent  occurrence.    Those  of  New  York,  on  the  one  hand, 
are  oAen  coarse-grained  and  highly  crystalline,  while  the  peroxides  of 
Lake  Superior  and  Missouri  are  rarely  distinctly  crystallized,  but  are 
very  compact. 

The  mode  of  occurrence  of  these  ores  in  the  regions  above  men- 
tioned is  so  peculiar,  that,  from  this  point  of  view  alone,  it  is  apparent 
that  these  deposits  should  be  classed  together  as  distinct  from  those  in 
the  later  geological  formations.  In  all  the  characteristics  of  true 
veins,  the  great  masses  of  ore  now  under  consideration  are  wholly 
wanting.  Some  of  the  least  important  of  them  approach  much  nearer 
to  segregated  veins,  and  might  with  propriety  be  classed  Mrith  them, 
were  they  not  developed  on  so  large  a  scale  as  to  render  it  difficult  to 
conceive  of  segregation  as  a  sufficient  cause  for  their  production. 

In  the  case  of  the  most  prominent  masses  of  ore  of  these  regions, 
there  is  but  one  hypothesis  which  will  explain  their  vast  extent  and 
peculiar  character.  They  are  simply  parts  of  the  rocky  crust  of  the 
earth,  and,  like  other  igneous  rocks,  have  been  poured  forth  from  the 
interior  in  the  molten  or  plastic  state.  No  other  origin  can  be  assigned 
to  the  dome-shaped  and  conical  masses  of  Lake  Superior  and  Mis- 
souri, or  to  the  elongated  ridges  of  the  first-named  region.  The  Iron 
Mountain  of  Missouri  forms  a  flattened  dome-shaped  elevation,  whose 
base  covers  a  surface  of  a  little  less  than  a  square  mile,  and  which 
rises  to  a  height  of  200  feet  above  the  general  level  of  the  adjacent 
country.    The  surface  of  the  mountain,  when  uncovered  of  the  soil, 
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Is  found  to  be  covered  with  loose  blocks  of  peroxide  of  iron,  without 
any  admixture  of  rocky  pebbles  or  fragments,  which  are  found  to  in- 
crease in  size  in  ascending  to  the  summit,  where  large  blocks  of  ore 
of  many  tons  in  weight  lie  scattered  about,  and  piled  upon  each  other. 
It  is  a  most  singular  fact,  that  the  ore  is  nowhere  seen  in  place  about 
the  mountain,  although  the  whole  mass  evidently  consists  of  nothing 
else.  Near  its  base,  an  excavation  seventeen  feet  deep  has  been 
made,  which  exhibits  nothing  but  small,  somewhat  rounded  fragments 
of  ore  closely  compacted  together,  without  any  other  substance  being 
present  except  a  little  red,  ferruginous  clay,  which  seems  to  have  been 
formed  by  the  friction  of  the  masses  against  each  other.  This  feature 
in  the  Iron  Mountain  is  one  of  peculiar  interest,  and  one  which  it 
seems  difficult  to  explain.  Evidences  of  drift  action  in  this  region 
are  exceedingly  famt.  The  ore  itself  is  one  which  seems  little  likely 
to  undergo  decomposition  from  any  exposure  to  atmospheric  changes. 
The  blocks  upon  the  summit,  although  somewhat  moss-grown,  have 
their  angles  and  edges  but  little  rounded.  As  a  key  to  the  origin  of 
the  ore,  we  find  in  close  proximity  on  the  north  a  long  elevation  of  a 
reddish  porphyry  of  unmistakably  eruptive  character,  connected  with 
the  Iron  Mountain  by  a  narrow  ridge  of  a  rock  composed  of  iron  ore 
and  feldspathic  rock,  showing  that  the  porphyritic  ridge  and  the  ore- 
mass  must  have  originated  at  one  and  the  same  time,  and  in  the  same 
way. 

The  eruptive  origin  of  the  great  Lake  Superior  ore-masses  seems 
also  well  sustained  by  the  phenomena  which  they  exhibit  They  al- 
ternate with  trappean  ridges  whose  eruptive  origin  cannot  be  doubted, 
and  which,  themselves,  contain  so  much  magnetic  oxide  disseminated 
through  their  mass,  as  one  of  their  essential  ingredients,  that  they 
might  almost  be  called  ores.  These  eruptive  masses  include  the 
largest  and  purest  deposits  of  ore  which  are  known  in  the  Lake  Supe- 
rior or  the  Missouri  iron  regions ;  but  there  are  other  localities  in  both 
these  districts  where  the  mode  of  occurrence  of  the  ore  is  somewhat 
different,  and  where  the  evidences  of  a  direct  igneous  origin  are  less 
marked.  This  class  comprehends  those  lenticular  masses  of  ore  which 
are  usually  included  within  gneissoidal  rocks,  and  whose  dip  and 
strike  coincide  with  that  of  the  gneiss  itself,  but  whose  dimensions  are 
limited.  Such  is  the  character  of  most  of  the  Swedish  deposits,  and 
of  many  of  those  of  Northern  New  York.    Such  beds  of  ore  as  these 
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may  in  some  cases  be  the  lesult  of  segregating  action ;  but  the  facts 
seem  rather  to  indicate  that  they  are  made  up  of  the  ruins  of  pre- 
existing igneous  masses,  which  hare  been  broken  and  worn  down 
during  the  turbulent  action  which  we  may  suppose  to  have  been  pre- 
eminently manifested  during  the  azoic  epoch,  and  then  swept  away  by 
currents,  and  deposited  in  the  depressions  of  the  sedimentary  strata 
then  in  process  of  formation.  In  confirmation  of  this  hypothesis  in 
regard  to  the  origin  of  these  lenticular  masses  of  ore  in  the  gneis- 
soidal  rocks,  it  may  be  noticed  that  the  ores  occurring  in  this  form  and 
position  are  less  pure  than  those  of  decidedly  igneous  origin,  as  if  they 
had  become  more  or  less  mixed  with  sand  during  the  process  of  re- 
construction, so  that  they  not  unfrequently  require  to  be  separated 
from  their  earthy  impurities  by  washing  before  they  can  be  advanta- 
geously used.  Again,  it  may  be  observed  in  the  case  of  some  of  the 
ore-beds  of  this  class,  that  the  bed-rock  or  foot-wall  is  considerably 
rougher  or  more  irregular  in  its  outline  than  the  hanging  wall  or  roof, 
as  if  depositions  had  taken  place  upon  a  surface  originally  rough  and 
uneven,  the  upper  surface  of  the  ore  being  considerably  smoother  and 
more  regular  than  the  lower  one,  and  sometimes  separated  from  the 
rock  above  by  a  thin  seam  of  calcareous  matter. 

There  is  still  another  form  of  deposit  which  is  not  unfrequently  met 
with  in  the  Lake  Superior  region,  and  which  may  be  seen  on  a  grand 
scale  in  the  Pilot  Knob  of  Missouri.  This  consists  of  a  series  of 
quartzose  beds  of  great  thickness,  and  passing  gradually  into  specular 
iron,  which  frequently  forms  bands  of  nearly  pure  ore,  alternating 
with  bands  of  quartz  more  or  less  mixed  with  the  same  substance. 
Some  of  the  deposits  in  the  Lake  Superior  region  are  of  this  class, 
and  they  are  very  extensive,  and  capable  of  furnishing  a  vast  amount 
of  ore,  although  most  of  it  is  so  mixed  with  silicious  matter  as  to  re- 
quire separating  by  washing  before  use.  Heavy  beds  of  nearly  pure 
ore  occur  at  the  Pilot  Knob,  interstratified  with  beds  of  a  poorer  quali- 
ty. Deposits  of  this  character  are  usually  very  distinctly  bedded,  and 
the  ore  shows  a  greater  tendency  to  cleave  into  thin  laminse  parallel 
with  the  bedding,  in  proportion  to  its  freedom  from  silicious  matter. 
These  deposits  seem  to  have  been  of  sedimentary  origin,  having  been 
originally  strata  of  silicious  sand,  which  has  since  been  metamor- 
phosed. The  iron  ore  may  have  been  introduced  either  by  the  sub- 
limation of  metalliferous  vapors  from  below  during  the  deposition  of 
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the  silicious  particles,  or  by  precipitation  from  a  ferriferous  solution, 
in  which  the  stratified  rocks  were  in  process  of  formation. 

The  great  deposits  of  ore  which  have  been  alluded  to  above,  all 
agreeing  as  they  do  in  the  characteristic  features  of  their  mode  of 
occurrence,  especially  in  the  magnitude  of  the  scale  on  which  they 
are  developed,  are  all,  beyond  a  doubt,  situated  in  the  same  geological 
position ;  they  all  belong  to  the  oldest  known  system  of  rocks,  the 
azoic  This  name  was  first  applied  by  Murchison  to  the  ferriferous 
rocks  of  Scandinavia,  and. the  geological  position  of  the  great  iron 
regions  of  this  country  is  precisely  similar  to  those  of  Sweden. 
There  is  ample  evidence  that  the  lowest  known  fossiliferous  strata, 
characterized  by  the  same  peculiar  types  of  organic  life,  both  in 
this  country  and  in  Europe,  rest  uniformly  upon  the  iron-bearing 
strata  throughout  the  Northwest,  from  New  York  to  Missouri  and 
Arkansas. 

We  have  thus  seen  that  the  earliest  geological  epoch  was  charac- 
terized by  the  presence  of  the  ores  of  iron  in  quantity  far  exceeding 
that  of  any  succeeding  one ;  indeed,  we  may  infer  that  the  ruins  of 
the  iron  ores  of  this  class  have  furnished  the  material  from  which 
many  of  the  ores  of  more  recent  geological  age  may  have  been  de- 
rived. The  condition  of  things  in  reference  to  the  ores  of  iron  which 
existed  during  the  azoic  period  underwent  a  complete  change,  and 
rarely  do  we  find  in  any  fossiliferous  rocks  any  signs  of  unmistakably 
eruptive  ores.  It  is  certain  that  we  nowhere  out  of  the  azoic  system 
find  masses  of  ore  of  such  extent  and  purity  as  those  which  have  just 
been  alluded  to.  By  far  the  larger  portion  of  the  azoic  series  on  the 
earth^s  surface  being  covered  up  by  the  fossiliferous  rocks,  the  ore 
which  that  formation  contains  is  equally  concealed,  and  it  is  only  in 
those  regions  where  no  deposition  of  newer  strata  upon  the  oldest  rocks 
has  taken  place  that  the  treasures  of  iron  are  made  accessible.  In 
this  respect,  our  country  is  pre-eminently  favored,  and  there  can  be  no 
doubt  that  the  immense  deposits  of  iron  ore  stowed  away  in  the  North- 
west are  destined  at  some  future  time  to  add  to  our  national  wealth 
more  than  has  been  or  ever  will  be  contributed  by  the  gold  of  Cali- 
fornia. It  may  seem  absurd  to  speculate  on  the  exhaustion  of  the 
stratified  ores  of  England  or  of  the  Eastern  United  States ;  yet  nothing 
is  more  certain,  than  that  the  present  rate  of  production  in  the  former 
country  cannot  be  kept  up  for  any  very  great  length  of  time,  without 
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roakbg  the  cost  of  procuring  ore  so  great,  that  other  regions  which 
now  seem  very  remote  from  a  market  will  be  able  to  compete  with 
the  most  favored  iron-producing  districts  of  England. 

Practically,  the  views  which  have  been  presented  above  are  of  im- 
portance, as  leading  us  to  expect  large  and  valuable  deposits  of  the 
ores  of  iron  wherever  the  azoic  rocks  are  found  to  exist  over  any  con- 
siderable surface.  Thus  it  may  safely  be  predicted  that  important 
discoveries  of  ore  will  be  made  in  the  now  almost  unexplored  regions 
of  British  America,  which  are  covered  by  rocks  of  the  azoic  period. 
Indeed,  large  beds  of  ore  have  already  been  found  in  Canada,  which 
are,  in  character  and  position,  analogous  to  those  of  Northern  New 
York. 


3.  On  the  Grooving  and  Polishing  of  Hard  Rocks  and  Min- 
erals BY  Dry  Sand.    By  William  P.  Blake,  of  Washington. 

The  phenomena  about  to  be  described  were  observed  in  the  Pass  of 
San  Bernardino  (California),  in  1853.*  This  pass  is  one  of  the  prin- 
cipal breaks  through  the  southern  prolongation  of  the  Sierra  Nevada, 
and  connects  the  Pacific  slope  with  the  broad  and  low  interior  plain  of 
the  Colorado  Desert.  It  is  bounded  on  each  side  by  high  mountains ; 
the  peak  of  San  Bernardino  rising  on  the  north  to  the  height  of  about 
8,500  feet,  and  San  Gorgonio  on  the  south  to  about  7,000.  The  ele- 
vation of  the  summit-level  is  2,808  feet  above  the  Pacific,  and  the 
width  of  the  gap  at  that  point  is  about  two  miles ;  from  this  the  ground 
slopes  each  way  very  gradually,  the  grade  or  descent  on  the  east,  for 
about  28  miles,  being  on  an  average  69  feet  per  mile. 

On  this  eastern  declivity  of  the  pass,  —  the  side  turned  towards  the 
desert,  —  the  granite  and  associate  rocks  which  form  the  sharp  peak  of 
San  Gorgonio  extend  down  to  the  valley  of  the  pass  in  a  succession  of 
sharp  ridges,  which,  being  devoid  of  soil  and  of  vegetation,  stand  out 
in  bold  and  rugged  outlines  against  the  clear,  unclouded  sky  of  that 
desert  region. 

*  A  brief  notice  of  these  phenomena  is  given  in  the  writer's  Preliminary  Geologi- 
cal Report,  accompanying  the  Beport  of  Lieatenant  B.  S.  Williamson  of  a  recon- 
nobsance  in  California.    House  Doc.  129,  p.  27.    Washington,  1655. 
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It  was  on  these  projecting  spurs  of  San  Gorgonio  that  the  phenom- 
ena of  grooving  were  seen.  The  whole  surface  of  the  granite,  over 
hroad  spaces,  was  cut  into  long  and  perfectly  parallel  grooves  and  little 
furrows,  and  every  portion  of  it  was  beautifully  smoothed,  and,  though 
very  uneven,  had  a  fine  polish.  For  a  moment  it  was  impossible  to 
readize  the  cause  of  all  this  abrasion,  performed  in  a  manner  so  pecu- 
liar.  The  action  of  glaciers  and  drift  was  thought  of  in  succession ; 
but  the  appearance  of  the  surface  was  so  entirely  different  from  that 
of  rocks  which  have  been  acted  on  by  these  agents,  that  I  could  not 
regard  them  as  the  cause.  While  contemplating  these  curious  effects, 
the  solution  of  the  problem  was  presented.  The  wind  was  blowing 
veiy  hard,  and  carried  with  it  numerous  little  grains  of  sand.  When 
I  stooped  down  and  glanced  over  the  surface  of  the  rocks,  I  saw  that 
they  were  enveloped  in  an  atmosphere  of  moving  sand,  which  was 
passing  over  and  accumulating  in  deep  banks  and  drifbs  on  the  lee 
side  of  the  point.  Grains  of  sand  were  thus  pouring  over  the  rocks  in 
countless  myriads,  under  the  influence  of  the  powerful  current  of  air 
which  seems  to  sweep  constantly  through  this  pass  from  the  ocean  to 
the  interior. 

Wherever  I  turned  my  eyes, —  on  the  horizontal  tables  of  rock,  or 
on  the  vertical  faces  turned  to  the  wind,  —  the  effects  of  the  sand  were 
visible :  there  was  not  a  point  untouched, — the  grains  had  engraved 
their  track  on  every  stone.  Even  quartz  was  cut  away  and  polished  ; 
garnets  and  tourmaline  were  also  cut,  and  lef^  with  polished  surfaces. 
Masses  of  lin\estone  looked  as  if  they  had  been  partly  dissolved,  and 
resembled  specimens  of  rock-salt  that  had  been  allowed  to  deliquesce 
in  moist  air.  These  minerals  were  unequally  abraded,  and  in  the 
order  of  their  hardness ;  the  wear  upon  the  feldspar  of  the  granite 
being  the  most  rapid,  and  the  garnets  being  affected  least  Wherever 
a  garnet  or  a  lump  of  quartz  was  imbedded  in  compact  feldspar,  and 
favorably  presented  to  the  action  of  the  sand,  the  feldspar  was  cut 
away  around  the  hard  mineral,  which  was  thus  lefl  standing  in  relief 
above  the  general  surface.  A  portion,  however,  of  the  feldspar  on 
the  lee  side  of  the  garnets,  being  protected  from  the  action  of  the  sand 
by  the  superior  hardness  of  the  gem,  also  stood  out  in  relief,  forming 
an  elevated  string,  osar-like,  under  their  lee. 

When  the  surface  acted  on  was  vertical,  and  charged  with  garnets, 
a  very  peculiar  result  was  produced ;  the  garnets  were  lef^  standing  in 
19 
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relief,  mounted  on  the  end  of  a  long  pedicle  of  feldspar,  which  had 
heen  protected  from  action  while  the  surrounding  parts  were  cut  away. 
These  little  needles  of  feldspar,  tipped  with  garnets,  stood  out  from 
the  body  of  the  rock  in  horizontal  lines,  pointing,  like  jewelled  fm- 
gers,  in  the  direction  of  the  prevailing  wind.  They  form,  in  reality, 
a  perfect  index  of  the  wind^s  direction,  recording  it  with  as  much 
accuracy  as  the  oak*trees  do  in  the  regions  about  San  Francisco, 
where  they  are  all  bent  from  the  perpendicular  in  one  direction,  or  in 
some  places  lie  trailed  along  the  ground.  All  these  little  fingers  of 
stone  pomted  westward,  in  the  direction  of  the  valley  of  the  pass,  to 
which  the  wind  conforms.  We  experienced  this  wind  before  reaching 
the  point  of  rocks  and  the  sand-drifts ;  it  blew  with  great  force,  and 
seemed  to  be  a  great  air-current,  as  uniform  in  its  direction  and  action 
as  the  great  currents  of  the  sea.  It  flows  into  the  interior  with  sin- 
gular persistence  and  velocity,  sweeping  down  over  the  slope  of  the 
pass,  not  in  fitful  gusts  and  eddying  whirls,  but  with  a  constant  uni- 
formity of  motion,  unlike  any  of  the  winds  of  our  Atlantic  seaboard, 
or  of  the  plains. 

The  pass  would  in  fact  appear  to  be  a  great  draught-channel  or 
chimney  to  the  interior,  through  which  the  air  rushes  inland  from  the 
cool  sea,  to  supply  the  vacuum  caused  by  the  ascent  of  a  column  of 
heated  air  from  the  parched  surface  of  the  great  Desert  This  pass  is 
the  only  break  of  any  magnitude  in  the  mountain  chain  for  a  long 
distance,  and,  as  an  air-channel,  holds  the  same  relation  to  the  Colo- 
rado Desert  as  is  sustained  by  the  Golden  Gate  at  San  Francisco  to  the 
broad  interior  valleys  of  the  Sacramento  and  San  Joaquin. 

The  effects  of  driving  sand  are  not  confined  to  the  pass ;  they  may 
be  seen  on  all  parts  of  the  Desert,  where  there  are  any  hard  rocks  or 
minerals  to  be  acted  upon.  On  the  upper  plain,  north  of  the  Sand 
Hills,  where  steady  and  high  winds  prevail,  and  the  surface  is  paved 
with  pebbles  of  various  colors,  the  latter  are  all  polished  to  such  a  de- 
gree that  they  glisten  in  the  sun^s  rays,  and  seem  to  be  formed  by  art. 
The  polish  is  not  like  that  produced  by  the  lapidary,  but  looks  more 
like  lacquered  ware,  or  as  if  the  pebbles  had  been  oiled  or  varnished. 

Qa  the  lower  parts  of  the  Desert,  or  wherever  there  is  a  specimen 
of  silicified  wood,  the  sand  has  registered  its  action.  It  seems  to  have 
been  ceaselessly  at  work,  and  where  no  obstacle  was  encountered  on 
which  wear  and  abrasion  could  be  effected,  the  grains  have  acted  on 
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each  other,  and  by  constantly  coming  in  contact  have  worn  away  all 
.  their  little  asperities,  and  become  almost  perfect  spheres.  This  form 
is  evident  when  the  sand  is  examined  by  a  microscope. 

We  may  regard  these  results  as  most  interesting  examples  of  the 
denuding  power  of  loose  materials  transported  by  currents  in  a  fluid. 
If  we  can  have  a  distinct  abrasion  and  rectilinear  grooving  of  the  hard- 
est rocks  and  minerals,  by  the  mere  action  of  little  grains  of  sand 
falling  in  constant  succession,  and  bounding  along  on  their  surface, 
what  may  we  not  expect  from  the  action  of  pebbles  and  boulders  of 
great  size  and  weight  transported  by  a  constant  current  in  the  more 
dense  fluid,  water  ?  We  may  conclude  that  long  rectilinear  furrows, 
of  indefinite  depth,  may  be  made  by  loose  materials,  and  that  it  is  not 
essential  to  their  formation  that  the  rocks  and  gravel,  acting  as  chisels 
or  gravers,  should  be  pressed  down  by  violence,  or  imbedded  in  ice, 
or  moved  forward  en  masse  tinder  pressure  by  the  action  of  glaciers  or 
stnuided  icebergs.  Wherever,  therefore,  we  find  on  the  surfaces  of 
mountains,  not  covered  by  glaciers,  grooved  and  polished  surfaces, 
with  the  furrows  extending  in  long  parallel  lines,  seeming  to  indicate 
the  action  of  a  former  glacier,  we  should  remember  the  efiects  which 
may  be  produced  during  a  long  period  of  time  by  light  and  loose  ma- 
terials transported  in  a  current  of  air ;  and  which  consequently  may  be 
produced  with  greater  distinctness,  and  in  a  diflerent  style,  by  rocks 
moved  forward  in  a  current  of  water.  The  effects  produced  by  gla- 
ciers, by  drift,  or  moving  sand,  are  doubtless  diflerent  and  peculiar,  — 
80  difllerent  and  characteristic,  that  the  cause  may  be  at  once  assigned 
by  the  experienced  observer,  who  can  distinguish  between  them  with- 
out difliculty.  It  is,  however,  possible,  that,  after  a  sand-worn  surface, 
such  as  has  been  described,  has  been  forages  covered  with  moist  earth, 
a  decomposition  of  the  surface  would  take  place,  suflicient  to  remove 
the  polish  from  the  furrows,  and  ieave  us  in  doubt  as  to  their  origin. 

If  it  were  possible,  it  would  be  exceedingly  interesting  to  ascertain 
the  length  of  time  it  has  required  for  the  little  grains  of  sand  to  carve 
the  surface  of  the  granite  ridge  to  its  present  form.  How  inapprecia- 
bly small  must  be  the  eflect  produced  by  a  single  grain !  And  yet 
by  their  combined  and  long-continued  action  mighty  eflects  are  pro- 
duced. That  the  action  of  the  grains  singly  is  not  visible,  is  proved  to 
as  by  the  polished  surface,  for  no  one  grain  cuts  deeply  enough  to 
leave  a  scratch. 
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Ages  have,  doubtless,  elapsed  since  this  action  of  the  sand  began, 
and  we  cannot  tell  how  deep  the  abrasion  has  extended ;  cubic  3rards. 
of  granite  may  have  been  cut  into  dust,  and  driven  before  the  wind 
over  the  expanse  of  the  Desert 


4.  Observations  on  the  Characters  and  Probable  Geological 
Age  of  the  Sandstone  Formation  of  San  Francisco.  By 
William  P.  Blake,  of  Washington. 

{Abstract,) 

The  hills  upon  which  the  city  of  San  Francisco  is  built  are  formed 
of  regularly  stratified  sandstone,  in  thick  beds,  alternating  with  shales. 
This  sandstone  has  many  interesting  peculiarities,  being  very  hard, 
and  of  a  dark  bluish-green  color  in  the  interior  portions ;  when  ex- 
posed to  the  air  and  moisture,  it  rapidly  changes,  becomes  rusted 
and  brown,  and  is  much  softened.  It  is  therefore  not  very  suitable 
for  building,  and  yet  in  dry  situations  will  form  a  very  durable  wall. 

These  strata  crop  out  in  different  parts  of  the  city,  and  have  been 
exposed  by  street  cuttings ;  they  have  also  been  exposed  by  several 
quarries  on  the  islands  near  the  city  and  around  the  bay.  These  open- 
ings show  that  the  strata  are  much  uplifted ;  they  dip  at  all  angles, 
from  20  to  60  degrees,  and  appear  to  be  thrown  into  great  wave-like 
flexures.  Several  small  faults  and  dislocations  of  the  beds  were  seen 
in  different  places,  and  show  that  the  formation  has  been  greatly 
disturbed. 

This  sandstone  is  compact,  fine-grained,  and  hard ;  it  is  not  easily 
crumbled,  and  is  quite  tough.  Afler  long  exposure,  however,  it  may 
be  crumbled  by  the  fingers  on  the  edges  of  the  blocks.  All  the  spe- 
cimens that  I  examined  contained  a  notable  quantify  of  carbonate  of 
lime.  Iron  pyrites  was  also  observed.  The  sandstone  and  the  shales 
are  filled  with  numerous  thin  black  films,  or  small  patches,  which 
appear  to  be  of  vegetable  origin.  In  the  sandstone  they  have  the  char- 
acters of  a  hard  and  dark  slaty  clay ;  in  the  shale,  however,  masses 
of  similar  form  are  distinctly  carbonaceous. 

I  have  not  been  able  to  obtain  any  fossils  in  the  quarries  about  San 
Francisco,  or  to  find  any  in  the  outcrops  of  the  strata.     At  Benicia, 
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however,  there  are  similar  sandstones;  and  I  ^here  found  casts  of 
TurrUella^  and  a  shark's  tooth  which  Professor  Agassiz  has  recognized 
as  of  the  genus  LamtuL  These  strata  are  much  softer  than  the  heds  at 
San  Francisco,  but  they  are  also  much  uplifted,  and  some  hard,  undo- 
composed  blocks  were  seen,  which  greatly  resemble  the  sandstone  of 
Yerba  Buena  Island,  opposite  the  city.  I  am  therefore  of  the  opinion 
that  the  Benicia  strata  belong  to  the  formation  developed  around  San 
Francisco.  South  of  Benicia,  around  the  base  of  Monte  Diablo,  simi- 
lar strata  are  abundantly  developed ;  and  at  one  point  I  found  imper- 
fect casts  of  a  species  of  Cardium.  I  have  obtained  also  a  block  of 
sandstone  from  the  coal  formation  of  Bellingham  Bay,  which  in  its 
mineral  characters  resembles  very  closely  the  San  Francisco  rock. 
It  contains  fragments  of  coal,  and  impressions  of  coal  plants,  and  has 
two  large,  well-preserved  shells  of  the  genus  Pecten  imbedded  in  it. 

With  these  facts  in  view,  I  have  been  induced  to  regard  the  San 
Francisco  sandstone  as  of  Tertiary  agCy  although  I  have  found  it 
difficult  to  so  regard  it  by  reason  of  the  peculiar  hardness  and  com- 
pact character  of  the  strata,  which  more  closely  resemble  the  older 
palaeozoic  formations  than  ordinary  Tertiary. 

I  have  recently  procured  additional  evidence  of  the  age  of  these 
rocks  from  several  fossil  Spatangi  which  were  washed  up  by  the 
surges  of  the  Pacific  on  the  beach  of  the  western  side  of  the  San 
Francisco  peninsula.  I  present  it  here,  with  the  hope  that  Professor 
Agassiz  may  be  able  to  assign  its  age. 

These  Spatangi  are  thrown  up  in  considerable  quantities,  though  it 
is  difficult  to  obtain  perfect  specimens.  The  color  and  mineral  char- 
acters of  the  investing  rock  are  so  nearly  identical  with  those  of  the 
sandstone  around  the  city,  that  I  do  not  hesitate  to  regard  the  fossils 
as  broken  from  submarine  outcrops  of  the  strata. 

Between  San  Francisco  and  the  Pacific  there  is  a  high  ridge  of  ser- 
pentinoid  or  magnesian  rock,  which  is  flanked  on  both  sides  by  the 
sandstone,  and  which  appears  to  be  eruptive.  A  mass  of  sandstone 
and  shale,  about  300  feet  thick,  is  imbedded  in  this  serpentine. 

A  belt  of  hard,  flinty,  or  jasper  rocks  crops  out  near  the  Presidio ; 
they  are  distinctly  stratiform,  and  dip  at  a  high  angle.  They  are 
charged  with  irregular  veins  of  white  quartz.  These  rocks  are  prob- 
ably metamorphosed  portions  of  the  sandstone  formation.  Similar 
rocks  are  largely  developed  at  Lime  Point  and  at  San  Jos^.  At  the 
19* 
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San  Juan  Mountain,*  on  the  road  to  Monterey,  there  are  also  heavy 
strata  of  sandstone,  highly  inclined,  and  resting  on  granite ;  which  is 
also  the  case  at  San  Jos6. 

It  would  therefore  appear  that  the  granitic  axis  of  the  San  Francisco 
range  of  the  Coast  Mountains  is  newer  than  this  sandstone.  The  same 
is  probably  true  of  the  other  ranges.  If,  therefore,  this  sandstone 
formation  proves  to  be  Tertiary,  as  I  am  forced  to  believe  from  all  the 
evidence  I  can  obtain,  we  must  assign  a  post-Tertiary  age  to  the  Coast 
Mountains,  at  least  in  the  region  of  San  Francisco. 

The  connection  and  apparent  synchronism  indicated  between  the 
rocks  of  the  coal  formation  of  Puget  Sound  and  those  of  San  Fran- 
cisco, both  by  the  similarity  of  mineral  character  and  the  universal 
presence  of  patches  of  lignite,  is  highly  interesting,  and  worthy  of  note ; 
leading,  as  it  does,  to  the  conclusion  that  valuable  beds  of  Tertiary 
coal  may  yet  be  found  in  the  Coast  Moimtains  near  San  Francisco,  or 
where  the  formation  is  developed. 


5.  Remarks  xtfon  the  Geology  of  California,  from  Observa- 
tions IN  Connection  v^ith  the  United  States  Surveys  and 
Explorations  for  a  Railroad  Route  to  the  Pacific  By 
William  P.  Blake,  of  Washington. 

(Abstract,) 

Before  the  surveys  of  Lieutenant  Williamson,  in  1853,  the  topog- 
raphy and  direction  of  the  mountains  between  Walker's  Pass  and  the 
Gulf  of  California  were  but  litde  known.  The  surveys  have  shown  that 
the  lower  portion  of  the  Sierra  Nevada,  south  of  Walker's  Pass,  curves 
southwesterly,  and  unites  with  the  Coast  Mountains  at  the  head  of  the 
Tulare  Valley.  The  ridges  in  that  latitude  (35®)  are  not  snowy,  their 
elevation  being  less  than  7,000  feet.  South  of  this  point  of  junction 
of  the  Sierra  Nevada  and  the  Coast  Mountains  a  chain  of  high  ridges 
is  prolonged,  and  trends  nearly  east  and  west.  It  extends  eastward 
from  the  Sierra  Nevada  to  Mount  San  Bernardino,  and  forms  the  south- 
ern boundary  of  the  Great  Basin.  This  chain  appears  to  be  prolonged 
in  the  same  east  and  west  direction  to  the  coast  at  Point  Conception 
and  Arguila,  being  in  fact  a  transverse  chain  nearly  at  right  angles 
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with  the  direction  of  the  Coast  Mountains  and  the  Sierra  Nevada. 
This  chain  extends  from  Point  Conception  to  San  Bernardino,  and  I 
have  proposed  for  it  the  appellation  Bernardino  Sierra. 

At  San  Bernardino  the  trend  of  the  mountains  again  changes,  and 
becomes  more  nearly  north  and  south.  At  the  hase  of  the  peak  of 
San  Bernardino  is  the  wide  and  low  pass  of  the  same  name  (also 
called  San  Grorgonio),  which,  so  far  as  is  known,  is  the  hest  pass  in 
the  whole  chain  south  of  the  Columbia  River.  From  this  pass  south- 
wardly, there  is  a  continuous  chain  of  high  ridges  to  the  end  of  the 
peninsula  at  Cape  St.  Lucas.  For  this  chain  I  have  proposed  the 
name  of  Peninsula  Sierra.  It  forms  in  its  northern  part  the  water- 
shed and  barrier  between  the  Pacific  and  the  Colorado  Desert,  and 
between  San  Diego  and  the  mouth  of  the  Gila  River.  It  has  an  aver- 
age elevation  in  its  northern  part  of  about  6,000  feet. 

The  rocks  of  all  these  chcdns  are  chiefly  granite,  gneiss,  and  mica 
slate,  including  beds  of  white  limestone  and  quartz  rock.  It  was  gen- 
erally found  that  the  central  or  higher  parts  of  the  Sierra  Nevada 
were  of  compact  granite ;  but  even  this  was  not  free  from  a  structural 
arrangement  of  the  minerals.  At  the  Tejon  Pass,  the  rock  was  found 
to  be  filled  with  lenticular  beds  of  hornblende,  or  hornblende  and 
mica,  trending  in  the  same  direction  with  the  more  highly  laminated 
portions,  or  the  mica  slate.  On  the  eastern  slope  of  this  pass,  thick 
beds  of  white  limestone,  containing  graphite,  were  observed,  together 
with  quartz  rock,  which  are  considered  as  indicating  a  sedimentary 
origin. 

In  the  Bernardino  Sierra,  the  granitic  series  is  somewhat  difiTerent ; 
the  rock  is  whiter,  and  contains  a  greater  amount  of  feldspar  or  albite. 
The  slaty  or  laminated  form  of  granite  is  however. found,  and  talcose 
slates  bearing  gold  were  seen.  Several  intruded  ridges  of  porphyry 
were  also  found  in  this  range.  The  eastern  side  of  the  northern  part 
of  the  Peninsula  Sierra  consists  chiefly  of  gneiss  and  mica  slate ;  the 
rock  of  the  western  side  is  more  compact,  and  is  covered  with  soil 
and  verdure,  while  the  other  side  is  bare  and  barren. 

None  of  the  pateozoic  or  older  stratified  rocks  were  seen  during  the 
survey ;  —  they  are  either  absent  or  have  been  metamorphosed.  The 
only  stratified  formations  are  those  of  the  Tertiary  age,  and  the  more 
recent  deposits.  The  Tertiary  strata  flank  the  granitic  elevations 
described,  and  rest  horizontally  upon  the  upturned  edges  of  the  slates. 
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The  principal  point  where  Tertiary  strata  are  developed  and  char- 
acterized by  fossils,  is  at  Pose  Creek,  near  the  Tejon  Pass.  They 
consist  chiefly  of  volcanic  sands  and  pumice-stone,  with  argillaceous 
and  sandy  beds.  The  latter  contains  numerous  fossils,  among  which 
species  of  the  genera  Pecteuy  Natica^  and  Meretrix  are  abun- 
dant. They  are  considered  by  Mr.  Conrad  as  of  the  Miocene  division 
of  the  Tertiary.  Numerous  sharks'  teeth  were  also  obtained  from 
this  formation,  at  an  elevation  of  near  1,700  feet  above  the  sea.  Ter- 
tiary fossils  were  also  obtained  at  the  Canada  de  las  Uvas,  San  Fer- 
nando, San  Diego,  and  at  the  margin  of  the  Colorado  Desert,  along 
the  banks  of  Carrizo  Creek.  Those  obtained  at  the  Canada  de  las 
Uvas  are  from  the  Eocene  division  of  the  Tertiary,  being  well  char- 
acterized by  the  well-known  fossil  shell  Cardita  planicosta. 

The  alluvial  formations  of  California  cover  a  broad  area.  The 
Sacramento  and  San  Joaquin  rivers  form  extended  interior  deltas, 
and  the  Tulare  lakes  are  bordered  by  wide  plains  of  barren  clay,  evi- 
dently of  lacustrine  origin.  The  immediate  borders  of  the  lakes  are 
covered  with  a  thick  growth  of  gigantic  bulrushes  {tuU)j  and  the 
shores  being  shelving,  and  the  lakes  shallow,  they  become  much  ex- 
panded during  the  rainy  season,  when  the  streams  from  the  mountains 
arc  much  swollen.  King's  River  and  the  Ca-wee-ya  are  large  streams, 
and  furm  broad  deltas  covered  with  timber  where  they  enter  the  lakes. 
The  great  valley  or  low  plain  of  the  Colorado  Desert,  lying  far  to  the 
soulh  of  the  Tulare  Valley,  and  extending  northwards  from  the  head 
of  the  Gulf  of  California,  is  also  of  alluvial  or  lacustrine  origin,  and 
consists  of  a  deep  blue  clay,  which  forms  a  hard,  level  surface.  This 
clay  is  charged  with  small  fresh- water  shells,  and  they  are  found 
abundantly  on  the  surface.  This  clay  was  proved  to  be  of  lacustrine 
origin  by  the  existence  of  a  distinct  beach -line  at  the  base  of  the  hills, 
mnrking  the  former  level  of  a  sheet  of  water.  This  beach-line  was 
distinctly  developed,  and  could  be  seen  on  the  other  side  of  the  valley, 
ten  or  fiflocti  miles  distant.  On  the  high  ridges  that  extended  out 
from  the  inuin  chain  into  the  valley  a  distinct  water-line  was  found, 
and  a  calcareous  incrustation  two  feet  thick  on  the  rocks,  it  having 
been  deposited  by  the  water.  The  evidences  of  the  former  existence 
of  a  "vast  interior  lake  were  here  seen  on  all  sides,  and  in  some  places 
accumulations  of  boulders  and  pebbles  were  found  strewed  upon  the 
surface,  and  so  incrusted  that  it  was  evident  they  had  not  been  dis- 
turbed  aiace  they  were  covered  by  the  water. 
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I  offer  the  followiiig  as  the  hest  explanation  of  the  formation  and 
subsequent  desiccation  of  this  lake.  The  Gulf  of  California  probably 
extended  to  the  head  of  the  valley,  170  miles  north  of  its  present 
limits.  The  silt  of  the  Colorado  was  probably  deposited  across  this 
former  extension  of  the  Gulf,  so  as  finally  to  shut  off  the  upper  por- 
tion, and  leave  it  as  a  lake.  The  water  has  probably  been  evaporated 
by  the  dry  winds  of  that  desert  region.  There  is  reason  to  consider 
that  the  bottom  of  this  ancient  lake,  now  dry,  is  below  the  level  of  the 
Gulf;  a  great  depression  being  indicated  by  the  barometrical  observa* 
tions,  and  shown  more  conclusively  by  the  fact  that  the  waters  of  the 
Colorado,  at  times  of  freshets,  overflow  and  run  back  into  the  Desert 
for  many  miles. 

Further  observations  on  the  alluvial  formations  and  the  sands  of  the 
Desert  were  given,  and  remarks  made  upon  the  rocks  of  the  coast 
near  San  Francisco. 

The  remarks  of  Mr.  Blake  were  illustrated  by  a  colored  map,  and 
at  the  conclusion  a  series  of  observations  and  remarks  were  made  by 
Professors  Agassiz,  Guyot,  Hall,  and  Dana,  and  by  Dr.  Le  Conte  and 
Mr.  Leslie. 


6.  Description  of  several  Sections  measueei)  across  the  Sand- 
stone AND  Trap  of  Connecticitt  River  Valley  in  Massachu- 
setts.   By  Professor  Edward  Hitchcock,  of  Amherst. 

Three  sections  were  exhibited:  one  crossing  in  the  latitude  of 
Turner's  Falls;  another  in  that  of  Mount  Tom ;  and  a  third  in  that  of 
Chicopee.  A  geological  map  of  the  line  of  the  section,  with  the 
strike  of  the  strata  and  the  localities  of  footmarks,  accompanied  each. 
The  strike  and  dip,  as  well  as  the  distances,  were  obtained  by  the 
usual  instruments ;  the  heights  by  the  aneroid  barometer.  Other  sec- 
tions are  yet  to  be  measured ;  but  those  exhibited  lead  to  some  impor- 
tant conclusions. 

1.  The  hypozoic  rocks,  which  terminate  two  of  the  sections,  (the 
ends  of  the  other  being  granite,)  have  a  large  dip  towards  the  axis  of 
the  valley. 

2.  The  trap  ranges,  crossed  somewhat  west  of  the  middle  of  the 
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sections,  form  beds  between  the  sandstone  strata,  and  seem  to  have 
produced  but  little  disturbance  in  the  sandstone. 

3.  The  strike  of  the  sandstone  varies  from  N.  and  S.  to  N.  E.  and 
S.  W.,  —  in  some  places  even  to  E.  and  W. ;  but  the  usual  strike  is 
N.  from  20""  to  SO"*  E.  The  dip  is  almost  universally  E.  and  S.  E., 
from  5**  to  50**. 

4.  The  sandstone,  lithologically  considered,  exhibits  three  distinct 
varieties :  —  1.  The  rock  lying  west  of  or  below  the  trap  ranges  is 
almost  universally  a  thick-bedded  coarse  sandstone,  passing  into  a  con- 
glomerate ;  the  pebbles  being  granite,  mica  slate,  and  quartz.  In  the 
vicinity  of  the  trap  the  color  is  of^en  gray,  and  sometimes  white. 
2.  A  group  of  micaceous  sandstones  and  shales  of  various  colors,  with 
thicker  beds  of  deep-red  and  rather  fine-grained  sandstone.  These 
lie  immediately  upon  the  trap,  or  to  the  east  of  it.  3.  A  very  coarse 
gray  conglomerate,  the  fragments  often  several  feet  in  diameter,  con- 
sisting of  granite,  gneiss,  and  micaceous  and  argillaceous  slates.  This 
deposit,  which  has  been  swept  away,  except  a  few  isolated  hills,  lies 
the  highest  in  the  series,  and  towards  its  lower  part  is  interstratified 
with  the  shales  and  micaceous  sandstones,  as  in  Mount  Mettawampe. 

5.  With  a  single  exception,  the  fossil  footmarks  occur  in  the  second 
of  the  above  groups  of  the  formation,  and  chiefly  near  its  lower  part, 
where  it  rests  on  the  trap.  In  a  single  case  only  they  have  been  found 
immediately  beneath  the  trap  (on  Holyoke).  The  fossil  fishes  all 
occur  just  above  the  trap ;  but  the  Clathropteris  immediately  below  it 
(on  Tom).  With  these  two  exceptions,  nothing  organic  but  fucoids 
has  been  found  in  the  lower  group,  —  the  thick-bedded  sandstone,  — 
unless  it  be  some  fragments  of  dicotyledonous  trees. 

6.  The  sandstone  has  been  raised  since  its  deposition ;  for  in  some 
places  (Tumer^s  Falls),  the  most  delicate  footmarks  occur  on  strata 
having  a  dip  of  over  40** ;  and  the  idea  of  animals  walking  on  mud 
lying  at  such  an  inclination  is  absurd. 

7.  The  perpendicular  thickness  of  the  sandstone  on  the  different 
sections  is  as  follows,  estimated  trigonometrically  from  the  measure- 
ments in  the  usual  way :  — 

Feet. 

Ist  section  across  Turner's  Falls,       .  .         14,124 

2d      do.    across  Mount  Tom,       .        .         .  12,241 

3d      do     through  Chicopee,    ....         13,596 

Mean,  13,320 
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Suppose  we  allow  one  half  of  this  for  original  deposition,  we  have 
still  lefl  a  thickness  of  over  6,000  feet.  If  there  are  faults,  I  have  no 
certain  evidence  of  their  existence. 

8.  The  discovery  of  the  Clathropteris  by  my  son,  Edward  Hitch- 
cock, Jr.,  M.  D.,  beneath  the  trap  of  Mount  Tom,  makes  it  very  prob* 
able  that  the  zone  of  rock  in  which  it  occurs  belongs  either  to  the 
upper  part  of  the  Trias,  or  the  lower  part  of  the  Lias,  where  alone 
this  fern  is  found  in  Europe.  This  would  make  all  the  rocks  above 
the  trap  newer  than  the  Trias,  probably.  Below  this  zone  we  have 
thickness  abundant,  according  to  my  measurements,  not  only  for  the 
Trias,  but  also  for  the  Permian,  and  perhaps  still  lower  formations. 
And  it  is  my  opinion  that  the  three  groups  of  strata  above  pointed  out 
are  distinct  enough  in  character  and  organic  remains,  to  be  regarded 
as  separate  formations.  The  two  groups  above  the  trap  are  thick 
enough,  not  only  for  the  Jurassic  series,  but  for  the  Cretaceous  also. 

9.  The  trap  rocks  were  not  the  agency  by  which  the  sandstone  of 
this  valley  was  tilted  up.  For  the  dip  is  as  great,  and  usually  greater, 
beneath  than  above  the  trap.  This  latter  rock  was  probably  an  over- 
flow upon  the  bed  of  the  ocean  in  which  the  sandstone  was  deposited ; 
as  the  volcanic  grit,  lying  above  the  compact  trap,  certainly  was. 

10.  The  agency  by  which  this  sandstone  was  raised,  was  probably 
the  falcating  lateral  force  that  ridged  up  the  Apallachian  range  of 
mountains  generally ;  since  the  strike  has  a  general  correspondence 
with  the  direction  of  that  chain.  That  force  may  have  been  exerted 
at  several  periods,  and  this  may  have  been  one  of  the  last.  The  high 
dip  of  the  hypozoic  rocks  towards  the  axis  of  the  valley,  as  shown 
on  the  sections,  indicates  an  approach  of  the  sides  of  the  valley, 
which  must  have  crowded  up  the  layers  of  sandstone. 

The  author  of  this  paper  professed  an  intention  to  measure  other 
sections  across  this  valley  in  Massachusetts,  and  expressed  a  hope 
that  the  same  might  be  done  in  Connecticut ;  which,  if  done,  may 
modify  some  of  the  preceding  conclusions. 
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7.  Additional  Facts  respecting  the  Tracks  of  the  Otozovh 
MooDii  on  the  Liassic  Sandstone  of  the  Connecticut  Val- 
ley.   By  Professor  Edward  Hitchcock,  of  Amherst. 

Some  slight  resemblance  between  the  phalangeal  impressions  of 
this  animal  and  the  foot  of  an  embryo  frog  led  the  author  of  this 
paper  some  years  ago  to  refer  it  to  the  Batrachian  family.  He  pre- 
sented two  other  facts  to  strengthen  this  analogy. 

1.  The  foot  was  possessed  of  a  web,  extending  even  beyond  the 
toes.  The  specimens  show  this  distinctly,  especially  some  recently 
discovered ;  and  it  must  have  buoyed  up  the  animal  on  the  mud,  like 
huge  snow-shoes.  Yet  it  sunk  quite  deep,  and  was,  therefore,  very 
heavy. 

2.  The  toes  were  not  terminated  by  claws,  but  by  knobs.  In  this 
respect  they  correspond  to  many  species  of  Batrachians. 

At  least  two  new  localities  of  this  extraordinary  track  have  been 
lately  discovered :  one  at  Turner's  Falls  in  Gill,  and  the  other  at  the 
quarries  in  Portland,  Ct 

The  Otozoum  was  doubtless  one  of  the  most  extraordinary  animals 
that  ever  trod  the  earth.  With  a  foot  twenty  inches  long,  and  cover- 
ing more  than  a  square  foot  of  surface,  it  must  have  been  of  gigantic 
size ;  and  though  apparently  of  Batrachian  type,  a  biped  Batrachian 
of  such  dimensions  must  have  had  great  peculiarities  of  structure. 
The  new  Ichnological  Museum  of  Amherst  College,  erected  by  the 
liberality  of  the  trustees  of  the  late  Samuel  Appleton,  will  contain 
numerous  specimens  of  these  tracks,  for  the  study  of  future  naturalists. 


8.  Traces  of  Ancient  Glaciers  in  New  England.  By  Profes- 
sor Edward  Hitchcock. 

9.  Inferences  from  facts  respecting  the  Erosions  of  the 
Earth's  Surface,  especially  by  Rivers.  By  Professor  Ed- 
ward Hitchcock. 

As  these  two  papers  require  numerous  drawings,  to  be  made  intelli- 
gible, and  will  probably  erelong  be  published  in  another  form,  the 
author  has  judged  it  inexpedient  to  give  even  an  outline  of  their  con- 
tents in  this  place. 
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10.  Account  of  the  Discoveet  op  the  Fossil  Jaw  of  an  ex- 
tinct Family  op  Shaeks,  feom  the^  Coal  Fobmation.  By 
Peofessoe  Edwabd  Hitchcock,  of  Amherst. 


This  beautiful  and  remarkable  specimen  was  sent  to  the  author  of 
this  paper  by  Rev.  John  Hawks,  of  Montezuma,  in  Indiana.  It  was 
given  to  him,  to  be  sent  to  Professor  Hitchcock,  by  Dr.  S.  B.  Bush- 
nell,  of  the  same  place.  Mr.  Hawks  says :  "  It  was  found  in  Park 
County,  Indiana,  near  the  Wabash  River,  in  a  layer  of  slate,  about 
one  foot  beneath  the  surface  of  the  ground.  Immediately  beneath 
the  layer  of  slate,  which  was  about  one  foot  in  thickness,  was  a  coaJ 
hank:' 

Dr.  Hitchcock  stated  that  this  specimen  was  evidently  the  jaw  of  a 
shark,  but  of  very  peculiar  character.  But  it  would  be  presumption 
in  him  to  venture  to  throw  out  any  suggestions  concerning  it,  when 
we  had  one  present  to  whom  all  the  wonders  of  ichthyology,  both  re- 
cent and  fossil,  were  as  household  words.  He  therefore  called  on 
Professor  Agassiz  to  give  hb  views  respecting  the  specimen. 

Professor  Agassiz  gave  it  as  his  decided  opinion,  that  this  specimen 
formed  a  part  of  the  jaw  of  a  shark,  allied  to  the  saw-fish,  or  Pristis 
family.  He  stated  that  the  sword  of  the  Pristis  is  originally  com- 
posed of  two  bones,  and  if  these  should  continue  separated,  each  part, 
with  teeth  on  only  one  side,  would  not  be  much  unlike  the  fossil  spe- 
cimen. This  is  curved,  however,  and  the  teeth  have  fine  serratures. 
He  supposed  that  the  fish  had  a  corresponding  jaw  projecting  from 
the  opposite  side  of  its  head,  and  that  both  formed  a  powerful  weapon 
of  offence.  He  regarded  it  not  only  as  an  undescribed  genus,  but 
belonging  to  a  new  family  of  fishes ;  and  spoke  of  the  discovery  as  of 
20 
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great  importance  in  fossil  ichthyology  ;  scarcely  inferior  to  that  of  the 
Ichthyosaurus  and  Plesiosaurus  in  fossil  herpetology. 

The  author  of  the  paper  will  commit  the  specimen  to  Professor 
Agassiz  to  he  described.  An  accurate  outline  is  appended  to  this 
historical  sketch.    (See  figure.) 


IV.    BOTANY. 


L  Note  upon  a  Pecxtliarity  of  the  "  Redwood  "   (Genus   Se- 
quoia).   By  William  P.  Blake,  of  Washington. 

• 
The  redwood)  which  is  now  used  so  largely  for  construction  in  the 

city  of  San  Francisco,  has  the  peculiarity  of  turning  black,  like  ebony, 
when  treated  with  an  alkali.  If  a  panel  of  this  wood  be  prepared  with 
a  smooth  surface,  and  then  washed  with  a  moderately  dilute  sohitioD 
of  caustic  potash,  the  light  red  color — like  that  of  our  ordinary  pen- 
cil cedar — is  immediately  changed  to  black,  and  the  grain  of  the 
wood  is  beautifully  developed.  The  carbonates  of  potash  and  soda 
produce  the  same  result,  but  not  so  rapidly ;  it  may  also  be  accom- 
plished by  lime-water  or  ammonia.  The  effect  is  produced  with  most 
ease  when  the  wood  is  freshly  cut  or  sawn,  and  the  pores  are  filled 
with  the  undried  juices.  A  decoction  of  the  wood  is  turned  black  in 
a  similar  manner ;  and  I  suggest  that  it  may  be  used  advantageously 
in  chemical  analysis  as  a  test  for  alkalies.  It  would  probably  make 
very  good  test-paper,  and  tho  reaction  would  be  more  evident  and 
striking  than  with  turmeric.  When  the  alkaline  solution  is  weak,  the 
color  produced  on  the  wood  is  not  a  deep  black,  but  has  a  shade  of 
red,  and  resembles  old  dark  mahogany,  or  rosewood.  From  the  ease 
and  cheapness  with  which  the  effect  may  be  produced  on  the  wood, 
and  the  extreme  beauty  of  the  panels  thus  prepared,  it  will  doubtless 
become  common  to  stain  cabinet  furniture  and  doors  in  this  manner, 
in  preference  to  painting. 


BOTANY.  231 


2.  Notes  ttpon  the  Gkove  of  "  Mammoth  Trees  "  in  Calaveeas 
County,  California.    By  William  P.  Blake,  of  Washington. 

The  grove  of  the  mammoth  trees  is  near  the  sources  of  the  Calave- 
ras River,  in  a  depression  between  the  hills,  about  15  miles  from  the 
mining  village  called  Murphy's.  This  little  valley  is  said  to  be  but  15 
miles  from  the  snow-line  of  the  high  ridges  of  the  Sierra,  and  30  to 
35  miles  from  the  crest.  Its  elevation  above  the  sea  has  been  approx- 
imately determined  by  the  engineer  of  the  Union  Water  Company, 
who  considers  it  as  4,550  feet,  and  as  2,400  feet  above  Murphy's 
Camp. 

The  valley  is  densely  wooded  with  evergreen  trees,  principally 
pines  and  spruces,  and  in  some  portions  there  is  a  thick  undergrowth, 
which  covers  the  ground  from  view.  The  great  trees  tower  above 
this  forest,  —  itself  gigantic,  —  and  present  a  magnificent  spectacle 
when  viewed  from  the  surrounding  hills.  Mr.  Lapham,  who  has 
erected  a  hotel  in  the  grove,  states  that  he  has  counted  about  190 
trees,  including  young  and  old.  I  saw  about  20  of  large  size,  and 
several  young  ones.  They  are  irregularly  distributed  over  a  space  a 
quarter  of  a  mile  square,  and  are  generally  in  groups  of  two  or  three 
together.  The  principal  trees  have  received  fanciful  names,  such  as 
Father  of  the  Forest^  Beauty  of  the  Forest^  Three  Sisters^  Mammoth^ 
6ec.  Their  size  is  variable,  the  diameters  ranging  from  15  feet  to 
over  30,  and  the  heights  from  250  to  360  feet.  The  stump  of  the 
only  tree  that  has  been  cut  has  been  smoothed  down,  and  made  per- 
fectly level,  and  now  forms  the  floor  of  a  ball-room.  The  solid  wood 
of  this  stump,  exclusive  of  the  bark,  measures  25  feet  in  diameter, 
and,  with  the  bark,  is  about  30  feet.  This  is  about  4  feet  from  the 
ground,  where  its  diameter  is  probably  32  feet.  The  largest  tree  now 
standing,  called  the  Mammoth,  is  of  about  the  same  size,  but  is  imper- 
fect on  one  side,  a  portion  having  been  burnt  out.  I  measured  this  tree 
carefully  with  a  tape,  and  found  it  94  feet  in  circumference  at  the 
roots,  giving  a  diameter  of  over  31  feet.  Although  I  did  not  measure 
the  heights  of  these  trees,  I  saw  no  reason  to  question  the  accuracy  of 
the  statements  that  have  been  made  regarding  them,  and  I  believe 
them  to  range  from  300  to  360  feet.  One  is  said  to  be  363  feet,  and 
an  old  one,  lying  prostrate,  and  much  decayed,  appears  to  have  been 


232  B.    CHEMISTRY    AND   NATURAL    HISTORY. 

I  over  400  feet  high.     This  prostrate  tree  is  hollow,  and  I  walked 

I  through  it  erect  for  a  long  distance ;  and  it  is  said  that,  before  the 

'  lower  part  became  filled  up  by  earth  and  stones,  brought  in  by  a 

brook,  a  man  could  ride  through  on  horseback. 

The  tree  which  was  cut  down  was  partly  used  for  lumber,  and  a 
part  of  the  top  has  been  levelled  off,  and  a  full-length  double  bowling- 
alley  built  on  it.  The  log  tapers  so  gradually,  and  its  great  diameter 
is  so  well  preserved  for  a  long  distance,  that  at  the  extreme  end  of  the 
alley  it  is  not  possible  to  get  from  the  ground  to  the  top  of  the  log 
without  climbing  up  by  the  limbs.  This  tree  could  not  be  felled  by  the 
ordinary  method,  and  boring  was  resorted  to,  a  long  pump-augur  being 
used  for  the  purpose.  The  bark  was  stripped  off  from  the  lower  part 
of  the  log,  and  sent  away  for  exhibition.  Since  that  time  a  second 
tree  has  been  stripped  of  its  bark  to  the  height  of  90  feet,  and  the  tree  is 
still  standing.  It  is  the  intention  of  the  proprietors  of  the  grove  to 
surround  it  with  a  spiral  staircase,  so  that  visitors  may  ascend  to  the 
top,  and  have  a  full  view  of  the  surrounding  forest,  witli  here  and 
there  a  giant  trunk  rising  above  it. 

The  geology  of  the  valley  appears  lo  be  very  simple.  A  hard, 
compact,  gray  granite  was  seen  in  the  vicinity  of  the  trees ;  it  appears 
to  be  the  underlying  rock,  and  the  soil  is  composed  of  its  dihrU.  A 
well  has  been  dug  at  the  house  of  Mr.  Lapham,  and  the  material  re* 
moved  shows  that  the  soil  is  deep,  and  contains  considerable  fine  white 
clay.  .  Some  rounded  blocks  of  basaltic  or  trappean  rocks  are  found 
on  the  surrounding  hills. 

The  temperature  of  the  valley  is  said  to  be  mild,  even  in  winter, 
the  ground  rarely  freezing ;  but  the  snow  generally  lies  30  inches 
deep  from  January  1st  until  April.  At  the  time  of  my  visit  (the  first 
week  in  August,  1854)  strawberries  were  just  ripening,  and  colum- 
bines were  in  bloom.  The  heat  of  the  sun's  rays  was  very  great  at 
midday,  but  the  shade  of  the  forest  was  cool  and  delightful.  The 
nights  were  also  very  cool. 

The  valley  is  abundantly  watered  ;  in  the  spring  it  is  quite  wet,  and 
a  good-sized  brook  flows  through  it. 
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3.  Letter  addressed  to  Dr.  John  Torrey,  on  the  Ammobroma 
SoNORiB.  By  Mr.  A.  B.  Gray.  (Communicated  to  the  Associa- 
tion by  Dr.  Torrey.) 

New  York,  October  20tb,  1854. 

Dear  Sir  :  —  It  afibrdJs  me  much  pleasure  to  comply  with  your  re- 
quest, respecting  the  particulars  of  the  plant  now  in  your  possession, 
which  I  discovered  near  the  head  of  the  Gulf  of  California,  on  my 
recent  reconnoissance  through  the  Mexican  State  of  Sonora. 

I  had  reached  an  Indian  rancho,  called  ^'  Sonoita,^'  situated  about 
fifty  miles  from  the  Gulf  coast,  and  being  desirous  of  extending  my 
barometric  observations  to  the  level  of  the  sea,  as  also  to  fix  the  lati- 
tude and  note  the  character  of  the  country  in  the  vicinity  of  (what  is 
called)  '*  Adair  Bay,^^  it  became  necessary  to  obtain  a  guide.  After 
much  consideration  on  his  part,  and  many  Indian  presents  given  him, 
I  persuaded  the  '^  Governador,^'  or  head  chief,  of  the  Papijos  of  that 
region,  to  agree  to  conduct  me  to  the  sea-shore,  and  to  this  bay. 
On  the  third  day  of  my  travel  (Wednesday,  17th  May,  1854), 
under  the  guidance  of  the  old  chief,  and  after  passing  over  an  im- 
mense bed  of  basalt  and  volcanic  lava,  we  came  to  a  range  of  num- 
berless sand-hills,  extending  southeasterly  and  northwesterly.  These 
hills  were  of  loose  shifting  sand,  of  about  thirty  feet  summit-elevation 
above  the  surrounding  plain,  and  about  five  miles  broad.  In  a  south- 
west direction  they  seemed  to  terminate  at  six  miles'  distance,  but  to 
the  northwest  they  appeared  to  extend  as  far  as  could  be  seen  with 
the  telescope. 

Immediately  upon  entering  these  sand-hills,  our  course  being  across 
them  in  a  westerly  direction,  I  observed  the  Indian  dismount  from 
his  horse,  and  commence  digging  with  his  hands.  At  first  I  could  not 
perceive  his  object,  but  shortly  discovered  that  he  had  pulled  out  of 
the  sand  a  vegetable-looking  substance,  which  was  shaped  somewhat 
like  a  mushroom.  He  showed  great  eagerness  to  obtain  more,  and 
made  a  sign  that  it  was  good  to  eat 

Upon  examination,  I  found  this  plant  had  a  sort  of  pestle-shape,  with 

a  stem  extending  perpendicularly  below  the  surface  for  several  feet, 

and  a  round  top  of  about  two  inches  in  diameter,  partly  protruding 

above  the  sand,  say  an  eighth  of  an  inch,  the  body  or  stem  of  the 

20* 
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plant  about  three  quarters  of  an  inch  in  diameter  near  the  top,  and 
two  feet  below  somewhat  lai^r ;  this  part  was  not  so  brittle*  as  the 
stalk  of  the  mushroom,  but  more  of  the  tenacity  of  asparagus,  with  a 
light  orange-colored  tinge  on  the  outside,  and  the  inside  of  a  dull 
whitish  color. 

I  noticed  in  pulling  it  up  that  it  would  snap  off,  and  in  but  few  in- 
stances did  we  secure  any  of  its  roots.  It  appeared  to  be  either 
attached  to  something  else,  or  to  have  a  deep  underground  growth. 
The  longest  that  I  saw  was  about  three  and  a  half  feet,  but  this  was 
not  the  entire  length,  as  it  was  broken  off  in  pulling  up.  The  top  or 
head  part  was  of  a  spongy  substance,  with  small  blue  and  purple 
pistils.  The  Indian  gathered  a  bundle  of  them,  breaking  off  and  cast- 
ing away  the  top  of  each.  We  encamped  for  the  night  in  the  sand« 
hQls,  and  the  chief,  instead  of  supping  with  us,  as  usual,  made  a  fire, 
and  roasted  his  roots  or  plants  on  the  hot  coals  (which  took  about 
twenty  minutes),  and  commenced  eating  them.  None  of  the  party 
seemed  inclined  to  taste,  but,  out  of  curiosity,  I  moved  over  to  the 
chief  ^8  fire,  and  he  handed  me  one.  At  first  I  ate  but  little,  and 
slowly,  but  in  a  few  minutes,  so  luscious  was  it  that  I  forgot  my  own 
mess,  and  ate  heartily  of  it ;  next  morning  each  of  the  party  "  fol- 
lowed  suit,*'  and  afterwards  there  was  scarcely  enough  gathered  to 
satisfy  us.  The  taste,  though  peculiar,  was  not  unlike  the  sweet  po- 
tatoe,  but  more  delk»ite.  When  first  taken  from  the  ground,  and 
before  cookiug,  it  tasted  more  like  the  raw  ground  artichoke.  The 
day  following  we  noticed  wigwams,  and  traces  of  Indians,  which  the 
chief  made  a  sign  to  us  were  old  encampments  of  tribes  who  lived  at 
the  Gulf  shore,  and  who  had  been  to  the  sand-hills  to  gather,  this  veg- 
etable. At  noon  we  came  upon  a  body  of  Indians  encamped  upon  a 
ridge  of  sand,  who,  upon  seeing  us  approach,  made  every  preparation 
for  a  hostile  meeting.  Our  chief,  however,  after  a  couple  of  hours* 
talk  with  them,  induced  kindlier  feelings,  when  they  brought  back 
their  women  and  children,  who  had  been  sent  to  a  distance  on  our 
first  appearance.  We  shortly  after  encamped,  when  they  brought  us 
dried  fish,  and  a  sort  of  pinole.  The  Mexican  pinole  is  made  of 
parched  wheat,  or  com,  ground  upon  a  metat  (or  stone),  but  of  an 
entirely  different  color  and  taste  from  that  of  these  Indians.  They 
made  signs  that  it  was  the  dried  vegetable  ground  into  meal,  and 
mixed  with  wheat.     I  ate  of  this  pinole,  and  found  it  very  nutricious. 
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The  plant,  when  dried,  or  allowed  to  remain  in  the  air  a  few  days, 
becomes  hard  and  dark,  with  an  odor  approaching  to  the  Vanilla 
bean.  In  this  state  it  becomes  one  of  the  principal  articles  of  food 
with  the  tribes  we  met  at  the  Gulf,  they  chewing  it,  as  well  as  grind- 
ing it  for  pinole.  They  also  get  fish  and  crabs,  which  we  found  in 
abundance  on  the  coast.  They  have  nets,  and  I  observed  they  had  a 
great  many  hawks  domesticated,  but  could  not  learn  what  use  they 
made  of  them.  The  growth  of  vegetation  in  the  vicinity  of  the  sand- 
hills was  chiefly  stinted  mesquit,  cacti,  iron-wood  (called  so  by  the 
Mexicans),  and  salt  and  hard  cane  grasses.  The  "  iron-wood  "  bore 
a  purple-colored  pea-shaped  blossom,  was  in  full  bloom  at  the  time, 
a  thorny  shrub,  and  without  leaves. 

My  party  had  just  accomplished  a  journey  and  exploration  of  1,700 
miles,  a  great  part  of  the  way  without  roads  or  trails,  and  had  under- 
gone many  privations  and  hardships,  without  guides,  other  than  the 
instruments  I  carried  along,  and  the  knowledge  I  procured  of  a  portion 
of  the  route  from  a  previous  reconnoissance  and  survey  from  El  Paso 
to  San  Diego  in  California.  They  were  on  very  short  rations,  and 
our  animals  from  hard  service  weak  and  giving  out,  and  with  two 
long  and  dreary  deserts  to  cross  before  reaching  the  settlements.  Still, 
after  approaching  so  near  the  point  I  had  desired  to  reach  when  I  set 
out,  I  was  determined  to  hazard  much  to  accomplish  it.  Everything 
had  to  be  done  by  signs,  not  being  able  among  the  Indians  to  find  one 
that  spoke  Spanish,  and  we,  of  course,  not  understanding  the  Cocopa 
or  Papego  languages.  On  returning  from  the  head  of  the  Gulf,  we  ate 
of  this  vegetable  for  about  four  days  in  its  fresh  and  dried  state,  and 
found  no  bad  efiects  from  it.  The  Indians  made  signs  that  we  were 
the  first  white  people  that  had  ever  been  there.  We  noticed  this  pe- 
culiarity among  them,  that,  although  a  lazy  set  of  Indians,  they  were 
well  made,  and  fat,  but  had  very  bad  teeth,  even  from  the  youngest  to 
the  oldest. 

The  latitude  of  these  sand-hills  is  31''  45',  longitude  US'"  40', 
and  about  six  miles  from  the  Gulf  shore.  No  rain  had  fallen 
there  for  six  months,  it  being  the  dry  season.  I  regret  I  could 
not  procure  many  more  particulars  relative  to  this  plant,  which  in- 
terested me  much  from  the  circumstances  attending  the  finding  it ; 
but  should  you  desire  any  further  information  that  I  possess,  which 
might  aid  you  in  discovering  what  it  is,  I  shall  be  happy  to  com- 
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manicate  it  Similar  sand-bills  I  nodoed  a  hundred  miles  off)  near 
the  juDction  of  the  Gila  and  Cobiado,  bat  none  of  the  plant  was 
found  in  them. 

With  great  respect,  I  remain  TCiy  truly  yours, 

A.  B.  Gray. 

Note. — This  interesting  plant  will  be  described  in  full,  and  a  fig- 
ure of  it  given,  in  Mr.  Gray's  forthcoming  Beport  of  his  explorations. 
It  is  evidently  a  new  genus,  neariy  allied  to  the  little  known  and 
anomalous  Corallophyllum  of  Kunth,  and  the  Pholisma  of  Nuttall. 
In  the  floral  structure  of  scales  it  is  more  like  the  latter,  from  which  it 
is  distinguished  by  its  woolly-plumose  calyx,  and  its  singular  cyathi- 
form  inflorescence.  The  three  genera  may  well  be  grouped  into  a 
small  family,  under  the  name  of  Corallophyllacese,  or  rather  Lennoa- 
ceae,  as  Lennoa  is  the  older  name  of  the  typical  genus.  Lindley 
referred  these  plants  to  Monotropacese,  in  which  he  was  nearer  right 
than  Nuttall,  who  placed  Pholisma  in  Scrophulariaces. 

John  Torret. 
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1.  Laws  of  Seproduction,  considered  with  Particular  Ref- 
erence TO  THE  Intermarriage  of  First-Cousins.  By  Key. 
Charles  Brooks,  of  Medford,  Mass. 

Whether  the  intermarriage  of  near  blood  relations  is  accordant 
with,  or  opposed  to,  the  laws  of  nature,  is  a  question  which  should  be 
confined  primarily  to  physiological  science.  Believing  it  to  be  im- 
portant that  scientific  men  should  examine  it,  I  take  the  liberty  of 
inviting  to  it  the  attention  of  the  Association,  any  of  whose  naturalists 
are  better  able  than  I  am  to  discuss  it ;  and  some  of  whom  could  so 
examine  and  so  decide  as  to  put  the  question  at  rest.  The  improve- 
ment and  prosperity  of  thousands  of  families  depend  on  its  solution  ; 
and,  in  a  degree,  the  safety  and  elevation  of  society. 

It  is  my  purpose  only  to  indicate  the  course  of  inquiry^  and  not  to 
draw  conclusions.  When  the  facts  shall  have  been  collected  and  ar- 
ranged, then  the  fixed  and  benignant  laws  which  underlie  the  great 
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agencies  of  reproduction  will  be  evolved.  It  is  only  by  wide  and 
thorough  surveys  that  any  reliable  statements  can  be  reached. 

In  examining  the  children  of  first-cousins,  the  temperaments  of  the 
parents  roust  be  specially  considered  ;  for  it  is  thought  that,  where  the 
temperaments  are  alike,  the  consequences  are  sure  to  be  peculiarly 
disastrous ;  but  where  they  are  directly  opposite,  such  consequences 
will  not  so  appear.  These  results  ^so  much  depend  on  temperaments, 
that  they  should  always  be  classified  accordingly. 

Another  circumstance  to  be  regarded  in  these  investigations  is,  the 
antecedents  of  the  parents.  Have  any  of  their  ancestors  married 
first-cousins  ?  and,  if  so,  when  did  such  marriages  exist*  and  what 
were  the  health,  pursuits,  and  character  of  the  parties  ? 

Other  cireumstances  should  be  noted ;  such  as  climate,  situation, 
and  food.  The  efiects  may  vary  somewhat  in  high  and  low  latitudes, 
in  eminently  civilized  and  eminently  barbarous  communities;  and 
also  where  the  marrymg  parties  have  mdulged,  through  their  youth,  in 
great  varieties  of  food ;  or  where,  as  on  small  islands,  and  in  the  deep 
forests,  they  have  been  restricted  to  a  fixed  routine  of  meagre  dishes. 

Taking  these  and  other  related  circumstances  into  view,  we  may 
begin  to  classify  the  facts  thus :  — 

First.  Those  children,  bom  of  first-cousins,  who  are  well  devel- 
oped in  body,  and  vigorous  in  mind. 

Second.  Those  feeble  or  peculiar  in  body  only. 

Third.  Those  feeble  or  peculiar  in  mind  only. 

Fourth.  Those  feeble  or  peculiar  in  body  and  mind. 

The  only  way  of  settling  the  question  is  to  take  the  census  of  a 
State.  Take,  for  example,  all  the  parents  in  Massachusetts  who  have 
married  first-cousins ;  if  a  lai^r  number  of  their  children  are  found 
to  die  early,  or  to  want  a  full  development  of  body  or  mind,  than  the 
children  of  the  same  number  of  parents  who  have  not  married  first- 
cousins,  this  will  show  that  first-cousins  should  not  marry  together. 
Take  one  thousand  couples  who  have  married  first-cousins ;  if  more 
of  the  children  of  these  parents  are  found  to  be  imbecile,  or  defective 
in  body  or  mind,  than  the  children  of  any  one  thousand  couples  in  the 
State  found  in  similar  conditions  of  life,  this  will  prove  that  the  mar- 
riage of  such  cousins  is  unwise.  Again,  if  out  of  one  thousand 
couples  who  have  married  first-cousins,  there  be  particular  families 
who  have  two,  three,  or  even  four  children  that  seem  weak  or  strange. 
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theo  this  fact  would  be  a  strong  presumption  against  the  expediency 
of  marriage  between  such  near  blood  relations.  Nothing  but  a  true 
census  can  furnish  adequate  elements  for  a  just  calculation.  Suppose 
one  hundred  thousand  married  couples  in  Massachusetts,  and  that 
five  thousand  of  them  have  married  first-cousins.  Then  suppose  that 
there  are  six  thousand  children,  among  all  who  have  been  bom  from 
them,  who  appear  different  from  the  rest.  They  are  either  weakly  in 
body,  or  peculiar  in  mind,  and  seem  strange  to  their  neighbors ;  some 
perhaps  were  bom  blind,  some  deaf;  some  with  too  many  fingers  and 
toes,  and  some  with  too  few ;  some  without  hair,  and  some  with  loo 
much ;  some  talking  in  a  strange  way,  and  dressing  in  a  stranger ;  some 
abhorring  society,  and  some  abhorring  solitude.  Suppose  these  six 
thousand  persons  are  acknowledged  to  be  different  from  the  rest  of 
mankind.  Now,  if  more  of  them  are  children  of  first-cousins  than 
the  proportion  which  five  thousand  bear  to  one  hundred  thousand, 
then  it  is  plain  that  the  marriage  of  first-cousins  is  productive  of  dis- 
astrous consequences.  To  state  the  same  fact  in  a  shorter  form  :  if 
one  hundred  thousand  couples  have  six  thousand  imbecile  or  peculiar 
children,  then  five  thousand  couples  should  have  three  hundred  of 
them,  as  their  proportion.  If  by  an  adequate  census  it  shall  appear  that 
the  five  thousand  couples  who  married  first-cousins  have  from  three 
hundred  and  fiAy  to  four  hundred  imbecile  or  peculiar  children,  then  it 
will  be  proved  that  the  marriage  of  first-cousins  is  forbidden  of  God. 

It  would  be  a  lasting  glory  to  any  scientific  philanthropist  who 
should  collect  and  arrange  all  the  facts  existing  in  any  State  of  this 
Union.  The  field  of  inquiry  is  narrowed  by  certain  facts.  The  Ro- 
man Catholic  Church,  by  positive  statute,  forbids  the  intermarriage  of 
first-cousins.  England  condemns  it ;  and  the  people  there  have  some 
strong  and  harsh  sayings  concerning  it.  The  Quakers  forbid  such 
marriages ;  and  some  Cantons  of  Switzerland  have  forbidden  them  by 
law.  Tradition,  in  this  country,  brings  down  to  us  two  or  three  say- 
ings on  this  subject,  which  most  emphatically  condemn  such  alliances. 

I  would  now  state  a  few  representative  facts,  merely  to  indicate  the 
course  of  inquiry.  I  shall  confine  myself  to  cases  of  children,  born 
of  first-cousins,  who  appear  to  be  in  a  partly  abnormal  state  of  body 
or  mind.  There  seems  to  have  been  in  them  an  arrest  of  normal 
development ;  they  lack  that  entire  and  symmetrical  unfolding  or  equi^ 
librium  of  the  physical,  intellectual,  and  moral  powers  which  conatU 
tute  a  whole  man. 
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For  obvious  reasons  I  shall  give  only  the  initials  of  proper  names, 
and  also  of  towns. 

I.  Instances  of  children,  bom  of  first-cousms,  who  lack  normal  de- 
velopment of  body. 

A  physician  writes  me  thus :  *'  I  have  been  a  practising  physician 
for  more  than  fifty  years,  and  I  have  not  the  least  doubt  that  a  large 
portion  of  the  hereditary  diseases  which  afflict  certain  families  are 
derived  from  the  intermarriages  of  close  relations ;  for  I  have  noticed 
that  some  families  are  predisposed  to  some  particular  disease ;  and 
wbere  families  intermarry  with  those  of  the  same  temperament,  the 
strength  of  that  predisposition  is  doubled.'^ 

Mr.  C.  H.,  of  N.,  Mass.,  a  shrewd  and  healthy  man,  married  his 
first-cousin,  an  intelligent  and  healthy  woman.  They  lost  three  chil- 
dren  in  infancy ;  and  they  have  four  now  living,  no  one  of  them  bright. 

Doctor  C,  of  N.  M.,  New  Hampshire,  married  his  first-cousin,  Miss 
B.,  of  U.,  Mass.  They  had  only  two  children,  and  both  of  them  died 
m  infancy. 

Mr.  J.  P.,  of  W,,  married  his  first-cousin.  Both  were  in  good 
health,  and  had  active  minds.  Two  sons  died  before  the  age  of 
twenty-five ;  one  daughter  has  diseased  eyes  ;  one  boy  is  club-footed ; 
one  son  died  an  idiot;  and  one  daughter,  who  was  like  common 
children,  married,  and  at  the  birth  of  her  first  child  she  died. 

Eev.  Mr.  B.,  Episcopal  clergyman  of  B.,  N.  Y.,  married  his  own 
cousin  ;  they  had  two  children,  both  of  whom  died  young. 

A  gentleman  of  W.,  M.  County,  New  York,  married  his  first-cousin. 
Both  these  parents  were  strong  and  healthy.  They  had  several  chil- 
dren, all  bright-minded,  but  each  one  was  a  cripple. 

N.  and  S.  W.,  of  T.,  are  brothers.  One  married  his  first-cousin. 
Their  children  are  blear-eyed,  and  feeble  in  mind.  The  other  mar- 
ried a  woman  not  related  to  him.  Their  children  are  stout,  healthy, 
and  bright. 

In  Adams,  Jefierson  Co.,  New  York,  there  are  two  idiots,  bom  of 
first-cousins.  The  head  of  the  eldest,  twenty  years  old,  measures 
but  nineteen  inches ;  the  other  only  seventeen  inches. 

A  lady  furnishes  the  following:  "  Mr.  B.,  of  W.,  married  his  first- 
cousin  ;  had  two  children,  both  deaf  and  dumb.  Mr.  L.,  of  W.,  mar- 
ried his  first-cousin ;  had  two  children,  both  blind.  Mr.  D.,  of  C.  E., 
married  his  own  cousin  ;  had  three  children,  all  hermaphrodites." 
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In  Yii^Qia,  where  blood  relations  have  intermarried  much,  in  order 
to  keep  the  property  in  the  family,  there  are  striking  illustrations. 
One  statement  from  a  gentleman  of  Fredericksburg  will  suffice  as  a 
specimen.  He  says :  ^*  A  certain  family  of  wealth  and  respectability 
have  intermarried  for  many  generations,  until  there  cannot  be  found 
in  three  or  four  of  them  a  sound  man  or  woman.  One  has  sore  eyes, 
another  scrofula,  a  third  is  idiotic,  a  fourth  blind,  a  fifUi  bandy-legged, 
a  sixth  with  a  head  about  as  large  as  a  turnip,  with  not  one  out  of  the 
number  exempt  from  physical  or  mental  defects.  Yet  they  persevere  in 
intermarrying,  although  these  monuments  are  constantly  before  them.^^ 

Mr.  P.,  of  W.,  Mass.,  a  fine-looking  man,  with  strong  health  and 
good  intellect,  married  his  first-cousin,  a  lady  of  sound  constitution 
and  bright  mind.  One  of  their  children  was  club-footed,  another  was 
idiotic,  another  sick  and  irritable,  another  near-sighted,  another  blind, 
and  the  rest  feeble.  Shall  we  say  that  these  efi^ts  are  only  acci- 
dental, where  there  are  such  parents  ? 

S.  L.,  of  A.,  married  his  first-cousin,  Miss  S.  A  They  had  eight 
sons  and  two  daughters.  Two  sons  and  one  daughter  are  unable  to 
walk.     The  youngest  child  is  deaf  and  dumb. 

On  islands,  small  and  far  removed  from  the  mainland,  they  are 
apt  to  marry  in  and  in.  A  physician  from  such  an  island  writes  me 
thus :  ^'  On  the  southeast  extremity  of  the  island  of  C.  there  existed  a 
small  settlement  of  people,  who,  in  consequence  of  a  sharp  quarrel 
with  the  main  island,  kept  separated  from  it  The  consequence  was 
that  they  married  in  and  in,  till  they  had  nearly  all  become  blood  re- 
lations ;  and  by  degrees  they  wasted  in  intellect,  and  became  extinct. 
Their  physiognomy  was  thin,  and  with  some  peculiarities  of  form.  Two 
were  born  totally  destitute  of  eyeballs.  Their  heads  were  very  large, 
with  an  abundance  of  hair  that  covered  their  foreheads  almost  down 
to  the  eyebrows.  On  another  island  there  is  a  family,  the  parents  are 
first-cousins.  There  are  four  children,  three  sons  and  one  daughter. 
The  oldest  son,  who  died  recently,  aged  forty,  had  a  peculiar  organi- 
zation: head  very  large,  with  hair  growing  over  his  forehead,  and 
down  his  neck ;  eyes  very  large,  and  so  constantly  rolling  that  he 
could  not  fix  his  gaze  for  two  seconds  upon  any  object  He  could  not 
articulate,  his  tongue  being  too  large.  He  had  five  fingers  on  each 
hand,  and  six  toes  on  each  foot.  He  knew  enough  to  load  and  draw 
a  hand-cart,  and  was  exceedingly  penurious.     The  second  son  is  no 
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way  peculiar.  The  third  son  is  an  incomprehensible  being,  with  an 
organization  somewhat  like  his  eldest  brother.  He  has  all  kinds  of 
sense,  except  common;  talks  much  and  strangely,  and  in  walking 
takes  immensely  long  steps.  The  only  daughter  partakes  of  the  in- 
fluence. She  has  prayed  the  most  of  her  time  during  the  last  ten 
years.  In  O.  there  is  a  family,  parents  first-cousins ;  they  had  thir- 
teen children,  and  all,  except  one,  died  young.  No  one  lived  over 
twenty  years,  except  the  one  yet  living,  who  resembles  a  corpse.  On 
another  part  of  the  island  is  a  family,  of  whom  the  parents  are  not 
first-cousins;  but  they  are  closely  connected  by  blood,  through  a 
chain  of  intermarriages  reaching  back  several  generations.  "  Within 
the  last  ten  years,"  says  the  physician,  "  I  have  delivered  the  mother 
of  four  full-grown  boys^  three  of  whom  were  entirely  destitute  of  eye- 
balls, although  they  had  very  deep  sockets  for  eyes.  Their  heads 
were  very  large,  and  deformed  on  the  front  and  top ;  one  exceedingly 
80.  Two  of  them  died  immediately  after  birth,  and  the  other  lived 
but  a  few  hours." 

n.  Having  adduced  these  facts,  as  specimens  of  the  many  I  have 
gathered,  it  will  not  be  necessary  to  add  to  them  a  large  number  which 
show  an  absence  of  normal  development  in  the  intellectual  faculties, 

Mr.  £.  S.  and  wife,  of  N.,  Mass.,  are  first-cousins,  both  of  sound 
mind  and  robust  health.  They  had  seven  daughters  and  one  son. 
Three  daughters  are  deranged,  and  the  rest  are  nervous. 

Mr.  T.  A.  married  his  cousin.  They  had  five  daughters,  some  of 
whom  were  far  from  brilliant,  and  two  of  them  were  cripples. 

Mr.  N.  G.,  from  D.,  New  Hampshire,  counted  twenty-five  families 
within  his  knowledge  where  cousins  had  intermarried,  and  he  says  that 
"  not  one  of  their  children  is  above  mediocrity." 

Dr.  H.  W.  says :  "  I  know  four  brothers  who  married  cousins, 
and  each  has  a  fool  in  his  family." 

Judge  C,  of  H.,  New  York,  married  his  cousin.  Out  of  several 
children,  three  were  idiots.  One  only  is  living,  and  he  has  good 
sound  sense. 

Mr.  £.,  of  M.,  Mass.,  married  his  first-cousin.  They  have  five 
daughters  and  three  sons.  One  daughter  is  an  idiot,  and  two  are  fee- 
ble-minded.    One  son  has  run  away  with  the  town^s  money. 

A  lady  from  Illinois  stated  to  me  the  following  facts :  —  *'  Two 
brothers  married  two  sisters,  and  I  knew  them.    The  husbands  were 
21 
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not  blood-relations  of  their  wives.  The  parties  were  healthy  and  intel- 
ligent. These  families  lived  near  together  on  a  retired  country  farm, 
and  had  few  neighbors.  There  were  many  children,  and  all  of  them 
had  usual  health  and  common  understanding.  These  children  inter- 
married, and  the  ofispring  from  these  first-cousins  were  very  difierent 
from  their  parents  or  grandparents.  Several  of  the  children  died 
young.  Of  those  who  survived,  some  were  idiotic,  some  talked  most 
wildly,  and  dressed  most  strangely,  and  several  were  irresistibly  bent 
on  thieving.  There  did  not  seem  to  be  a  perfectly  normal  develop- 
ment among  them.'' 

I  apprehend  that  such  disastrous  consequences  as  the  above  could 
result  only  where  the  temperaments  of  the  parents  and  grandparents 
were  alike.  It  seems  difiicult  to  conceive  of  such  results  as  merely 
accidental,  and  not  the  effects  of  fixed  laws. 

"  Mr.  and  Mrs.  E.,  of  M.,  Mass.,  had  two  boys.  Everybody 
called  them  dreadful  odd.  Their  minds  seemed  topsy-turvy,  and 
they  dressed  differently  from  other  folks." 

Rev.  Mr.  Wisnor,  of  Boston,  asked  a  friend :  "  Do  you  know  Mr.  C, 
who  attends  my  church ;  he  looks  queerly,  but  he  thinks  more  queerly 
still  ?  ''     His  parents  were  cousins. 

Dr.  Pinkney,  of  Key  West,  says :  "  I  have  seen  many  inhabit- 
ants of  the  Bahama  Islands,  the  product  of  the  many  intermarriages 
there  of  blood-relations,  and  they  were  generally  homely  and  short- 
witted."  The  Doctor  further  says :  "  I  knew  a  family  in  P.,  New 
York,  twelve  miles  from  G.,  where  the  parents  were  first  cousins ;  they 
had  ten  children,  all  of  whom  were  idiotic." 

The  ^'  skipper  "  who  took  me  out  on  a  fishing  excursion  had  a  son 
fourteen  years  old,  who  looked  and  acted  as  the  children  of  first- 
cousins  are  apt  to.  I  asked  the  skipper  if  he  was  married.  He  said  : 
"  Yes ;  this  is  my  son.  I  have  had  many  children,  but  have  been 
very  unfortunate  with  them  all."  I  said  no  more ;  but  on  returning  to 
my  lodgings  I  asked  the  physician  about  my  skipper's  family.  He 
said  :  '^  He  married  his  first-cousin,  and  their  grandparents  were  first- 
cousins.  Most  of  their  children  died  in  infancy,  and  two  of  them  were 
born  with  closed  eyes." 

There  is  a  man  in  Massachusetts  who  married  his  brother's  daughter ! 
They  had  seven  children,  all  idiots.  The  greatest  age  attained  by  any 
one  of  them  was  eleven  years.    So  devoid  of  self-care  were  they,  that 
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no  one  of  them  could  feed  itself.  They  would  lie  and  roll  on  the  floor, 
and  appeared  to  be  only  masses  of  moving  flesh.  Are  not  such  facts 
some  proof  of  the  violation  of  natural  laws  ? 

I  know  the  family  of  E.  E.,  of  H.,  Mass.  The  parents  are  first- 
cousins.  They  have  seven  children ;  three  of  their  daughters  and  one 
of  their  sons  are  idiotic. 

Dr.  Spurzheim,  in  the  last  lecture  he  delivered  in  Boston,  made 
this  remark :  ^^  Among  the  royal  families  of  Europe  who  have  mar- 
ried in  and  in,  there  is  now  scarcely  one  of  their  descendants  who 
can  write  a  page  of  consecutive  sound  sense  on  any  scientific,  literary, 
or  moral  topic." 

Dr.  Samuel  6.  Howe,  Director  of  the  Boston  Institution  for  the 
Blind,  has  devoted  his  acute  and  benevolent  mind  to  the  investigation 
of  the  causes  of  blindness,  idiocy,  &c.  He  communicated  a  statement 
to  the  Senate  of  Massachusetts  in  1848,  Doc.  No.  51.  The  following 
brief  abstract  is  by  my  friend.  Dr.  Ed.  Jarvis,  of  Dorchester,  Mass., 
the  author  of  the  best  American  elementary  treatise  on  physiology. 

"  The  parentage  of  359  idiots  was  ascertained.  Seventeen  werfe 
children  of  parents  known  to  be  near  blood-relations.  Three  were 
from  parents  who  were  called  cousins.  One  twentieth  of  all  the  idiots 
examined  were  ofispring  of  blood-relations.  The  intermarriages  of 
cousins  do  not  constitute  one  twentieth  of  all  the  marriages,  probably 
not  one  five-hundredth ;  therefore  the  marriage  of  blood-relations  pro- 
duces more  than  its  share  of  idiots.  All  sorts  of  human  deficiencies 
follow  such  marriages  in  similar  ratio ;  namely,  deafness,  blindness, 
insanity,  rheumatism,  excitability,  &c.  Of  the  seventeen  families 
where  the  parents  were  near  blood-relations,  most  of  the  parents  were 
intemperate  or  scrofulous.  In  some  cases,  both  conditions  prevailed. 
There  were  born  among  them  95  children,  44  of  whom  were  idiots ; 
12  others  were  scrofulous  and  puny ;  one  was  deaf,  and  one  was  a 
dwarf.  In  a  few  instances  all  the  children  were  either  idiotic  or  scrof- 
ulous or  puny.  In  one  family  of  eight  children,  five  were  idiotic.  Of 
the  seventeen  families  the  account  stands  thus :  — 

6  have  1  idiotic  child  each,      .         .         .1x6=6 

2  "     2    "        "        «      .         .        .        2x2=4 

3  "  3  "  "  "  .  .  .3x3=9 
5  "  4  "  "  "  .  .  5  X  4  =  20 
1     «     5    "        "        "          .        .        .1x5=5 

44 
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Nearly  one  half  (|})  of  their  children  are  imbecile.  Add  those  other- 
wise imperfect,  the  12  scrofulous  and  puny,  the  one  deaf,  and  the  one 
a  dwarf,  then  we  have  58  in  all ;  thus  showing  more  than  one  half  (ft) 
in  an  abnormal  condition.  The  parents  who  had  the  four  idiots  had 
also  four  other  children  who  were  deformed." 

An  aged  physician  sends  me  the  following  statement :  '^  A  family 
in  the  town  of  B.,  Maine,  named  S  *  *  *  * ,  is  as  follows :  the  parents 
have  good  constitutions,  and  the  usual  intelligence;  they  are  first- 
cousins,  and  have  five  children.  The  first  child  is  healthy  in  body, 
and  regular  in  mind ;  but  the  other  four  are  miserable  idiots.  They 
are  disgusting  objects  to  look  at,  their  tongues  very  large,  lolling  out 
of  their  mouths,  and  saliva  constantly  flowing ;  eyes  staring  in  the 
most  stupid  manner ;  and  when  they  are  alone  will  pick  up  worms 
and  eat  them." 

Charles  A.,  of  Little  Compton,  S.  L,  shot  his  cousin,  Valentine  A., 
August,  1855,  when  his  cousin  was  leaving  Charleses  house,  afler  a 
friendly  visit.  Charles's  father  married  his  own  sister's  daughter,  and 
the  murderer  was  the  product  of  this  marriage. 

In  Rhode  Island  two  brothers  married  nearly  at  the  same  time* 
One  married  a  lady  who  had  no  blood  relation  to  her  husband  ;  the 
other  married  his  first-cousin.  All  the  parties  had  good  health,  and  a 
common  share  of  intellect  Each  couple  had  three  children.  The 
children  of  the  couple  who  were  not  related  were  healthy  and  intelli- 
gent ;  the  children  of  the  first-cousins  were  all  idiots.  At  the  birth 
of  the  third  idiot,  its  mother  died.  Two  years  afterwards  the  widower 
married  a  lady  who  was  not  related  to  him.  They  have  two  boys, 
each  is  athletic  in  body,  and  very  bright  in  mind. 

It  is  not  necessary  to  my  purpose  to  extend  these  heart-sickening 
details  of  human  calamity,  mortification,  and  disappointment  With 
all  of  them  fresh  before  us,  are  we  authorized  to  draw  conclusions  ? 
I  think  not  It  is  the  part  of  sound  philosophy  to  suspend  decisions 
until  both  sides  can  be  fully  examined.  There  are  children  bom  of 
first-cousins  who  possess  full  vigor  of  body,  and  commanding  strength 
of  mind.  All  such  cases  are  to  be  carefully  registered,  and  profoundly 
studied.  There  are  also  children  born  of  parents  who  are  not  related^ 
who  are  weak  in  body  or  imbecile  in  mind.  These  have  their  place 
as  elements  in  the  present  investigation. 

With  the  facts  now  stated,  and  others  which  have  come  to  my 
knowledge,  I  would  ask  the  following  questions :  — 
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First.  Are  not  the  laws  (used  or  misused)  which  improve  or  deteri- 
orate the  breeds  in  lower  animals,  the  very  same  laws  of  nature  which 
improve  or  deteriorate  the  human  race  ? 

Second.  Are  there  not  found,  in  the  same  family,  an  unusual  num- 
ber of  imbecile  children,  who  are  bom  of  parents  that  are  first-cousins  ? 

Third.  Do  any  children,  born  of  first-cousins,  exceed  their  parents 
in  bodily  strength  and  beauty,  or  in  mental  activity  and  power  ? 

In  closing,  let  me  hope  that  the  Association  will  not  allow  the  sub- 
ject to  rest  till  the  true  conclusions  are  reached.  If  members  will 
make  note  of  facts  within  their  knowledge,  and  forward  them  to  me,  I 
shall  feel  greatly  obliged. 

This  subject  includes  an  examination  of  the  great  fact  of  caste 
throughout  the  world.  It  includes  an  examination  of  the  South  Sea 
Islanders ;  of  poor  Africa,  which  has  suffered  through  ages  from  the 
terrible  class-castes,  which  keep  them  separated  into  hostile  fragments, 
thus  compelling  intermarriages  with  the  same  tribe.  It  includes  our 
American  Indians,  and  may  explain  in  part  their  diminution  in  num- 
bers and  bravery.    It  includes  the  Jews  and  the  Gypsies. 

I  can  assure  the  student  that  all  these  branches  will  be  found  full 
of  deepest  interest.  When  the  great  laws  of  amalgamation  are  prop- 
erly understood,  it  will  not  be  difficult  to  show  the  world  how  Mr. 
Knight,  of  England,  has  introduced  the  "  Durham  short-homed  "  va- 
riety of  cattle ;  or  his  race-horse,  that  will  leap  eighteen  feet ;  or  his 
draught-horse,  that  walks  off  with  two  tons  on  a  level  road.  It  will 
not  be  difficult  to  explain  the  thick  lip  introduced  into  the  imperial 
house  of  Austria,  by  the  marriage  of  the  Emperor  Maximilian  with 
Mary  of  Burgundy,  although  it  is  three  hundred  years  since  the  event 
It  will  not  be  difficult  to  explain  the  unusual  strength  and  stature  of 
the  females  of  Potsdam,  where  the  King  of  Pmssia  had  quartered  for 
half  a  century  a  guard  of  gigantic  soldiers.  It  will  not  be  difficult  to 
explain  the  surpassing  beauty  of  the  Circassians  and  Georgians ;  or 
the  short  stature  and  small  limbs  of  those  parts  of  Ireland  where  the 
true  Celtic  blood  is  unmixed ;  or  the  stronger  and  larger  limbs  of  other 
parts  of  that  country  where  they  have  intermarried  with  English  set- 
tlers and  the  Lowlanders  of  Scotland.  It  will  not  be  difficult  to  ex- 
plain the  superior  physical  and  mental  qualities  of  the  mixed  races  in 
Paraguay,  in  contrast  with  their  neighbors  ;  or  of  the  offspring  of  the 
Dutch  in  their  union  with  Hottentots.  Baron  Humboldt  says :  ^<  It  is  a 
21* 
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well-knowii  fact  that  the  Samboes  of  S.  America  (the  progeny  of 
blacks  and  Indians)  are  remarkable  for  their  physical  superiority  over 
their  progenitors  of  either  side." 

Let  the  student  be  assured  that  all  the  branches  of  this  wide  subject 
will  open  before  him  fields  for  sublime  contemplation  and  increasing 
wonder ;  and  when  he  has  exhausted  them  in  other  countries,  he  may 
then  turn  to  the  most  interesting  and  extended  exhibition  of  them  all, 
namely,  the  United  States ;  and  he  may  try  to  calculate  what  will  be 
the  solution  of  the  great  problem  here.  Will  not  our  country  furnish 
the  most  wonderful  example  of  the  efiects  of  intermarriages  with  dif- 
ferent castes  of  the  Caucasian  race  ?  When  the  people  of  these 
United  States  become  a  mixture  of  English,  Scotch,  Irish,  Germans, 
and  French,  will  they  exhibit  a  strength  of  body  and  an  intelligence 
of  mind,  a  true  inborn  energy  and  moral  power,  which  do  not  equally 
signalize  either  of  the  nations  from  whom  they  sprang  ?  Under  the 
fostering  care  of  a  truly  republican  and  Christian  government,  will 
they  advance  in  science,  arts,  agriculture,  commerce,  manufactures, 
and  all  the  blessings  of  a  religious  civilization  and  political  equality, 
as  no  one  of  their  parent  nations  has  ?  Let  us  hope  that  it  is  the  ap- 
pointed destiny  of  our  free  and  prosperous  land,  to  exhibit  a  higher 
development  of  human  attributes  than  has  yet  blessed  or  astonished 
mankind. 


2.  On  the  Sterility  op  many  of  the  Varieties  of  the  Domes- 
tic Fowl,  and  of  Hybrid  Rages  generally.  By  Dr.  Samuel 
Kneeland,  Jr.,  of  Boston. 

The  mania  which  has  of  late  years  manifested  itself  for  unnatural 
crosses  in  quadrupeds  and  birds  might,  if  scientifically  investigated, 
lead  to  many  interesting  facts  bearing  upon  hybridity.  I  refer,  of 
course,  to  honafde  crossings  of  allied  and  remote  species. 

A  fcjiy  years  since,  most  naturalists  believed  that  our  varieties  of 
domesticated  stock,  as  of  cattle,  sheep,  goats,  dogs,  fowls,  &c.,  were 
derived ^  each  genus  respectively,  from  a  single  wild  original;  and 
that  man's  care  had  obtained  from  this  the  numerous  existing  varie- 
ties.    In  the  present  state  of  our  knowledge,  we  think  we  are  justified 

iaying  that  the  varieties  above  alluded  to  have  been  produced  by 
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the  crossing,  natural  or  forced,  of  several  more  or  less  nearly  allied 
species.  For  instance,  who  shall  dare  to  decide  between  the  Asiatic 
bufialo,  the  European  aurochs,  and  Cuvier^s  extinct  ox,  as  the  un- 
doubted wild  original  of  the  varieties  of  our  cattle  ?  Whence  the 
necessity  of  reducing  all  varieties  to  a  single  stock,  endowed  with 
great  powers  of  variation,  especially  when  there  are  several  wild  spe- 
cies, each  entitled  to  be  considered  the  original  ?  It  would  seem  that 
the  simplest  view  of  the  case  is  the  best,  namely,  that  these  varieties 
are  the  result  of  the  mingling  of  many  species,  guided  by  the  wants 
or  caprice  of  man.  In  short,  I  believe  that  no  one  wild  original  can 
lay  claim  to  the  origination  of  the  varieties  of  our  cattle,  of  our  sheep, 
of  our  goats,  of  our  dogs,  of  our  barn-yard  fowls ;  —  and,  to  carry  the 
opinion  to  the  legitimate  consequences,  that  no  one  species  of  man 
can  lay  claim  to  the  paternity  of  all  the  human  varieties.  The  rea- 
sons for  this  opinion  have  been  oAen  stated,  and  will  not  be  repeated 
here ;  they  may  be  found  in  the  writings  of  Hamilton  Smith,  Morton, 
&c.  Some  new  observations  will  only  be  added  in  confirmation. 
And  yet,  with  this  belief  in  the  diversity  of  origin  of  our  domestic  ani- 
mals and  the  human  races,  it  seems  to  me  that  hyhridity  is  a  true 
test  of  specific  difference.  It  is  an  axiom  with  some,  that  different 
epecies  will  not  produce  fertile  offspring ;  and  hence,  to  them,  the  fact 
of  the  production  of  such  offspring  proves  that  the  parents  belong  to 
the  same  species.  On  the  other  hand,  Dr.  Morton  makes  different 
degrees  of  hyhridity,  the  offspring  being  more  prolific  according  to 
the  nearness  of  the  species ;  thus  making  hyhridity  no  test  of  specific 
difference.  Of  these  opposite  opinions  I  prefer  the  first.  By  a  hybrid 
race  I  do  not  understand  an  oflTspring  prolific  for  a  few  generations, 
and  then  gradually  dying  out,  or  feebly  supported  by  crossing  with 
the  original  stocks,  but  a  race  capable  of  propagating  itself  without 
deterioration,  without  any  assistance  from  either  of  the  parent  stocks. 
Such  a  race,  I  maintain,  has  never  been  seen,  and  never  will  be,  un- 
der the  present  laws  of  animated  nature.  You  may  take  any  part  of 
the  animal  scale,  from  a  barn-yard  monster  to  a  mulatto,  and  the  fact 
is  the  same,  —  they  cannot  hold  their  own  ;  they  must  die  out  unless 
crossed  by  the  pure  originating  blood,  or  must  return  to  one  or  the 
other  of  the  primitive  stocks. 

The  subject  which  suggested  these  remarks  b  the  sterility  and  de- 
terioration of  some  of  the  highly-bred  varieties  of  our  domestic  fowls. 
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It  has  become  quite  a  source  of  complaint  by  many  farmers,  who  in 
former  times  had  plenty  of  eggs  from  a  small  number  of  common 
fowls  that,  since  the  mania  for  rare  breeds,  they  have  been  unable  to 
obtain  their  usual  supply  of  eggs  and  chickens  from  the  same  numberof 
birds  and  have  been  subjected  to  great  annoyance  and  pecuniary  loss. 
It  is  a  natural  consequence  of  forcing  birds  of  different  origins,  and 
from  different  countries,  to  propagate  a  hybrid  offspring,  for  this  very 
reason  prone  to  degeneration.   The  difficulty  is  increased  by  the  impos- 
sibility of  crossing  the  stock  with  the  supposed  originals.    The  size  of 
the  bird,  in  this  as  in  other  cases,  seems  to  be  obtained  at  the  expense 
of  the  reproductive  powers.    The  admixture  of  different  species,  and 
breeding  "  in  and  in,"  have  been  carried  beyond  the  limits  fixed  by 
nature,  and  deterioration  is  the  result. 

The  same  thing  occurs  in  the  mulatto,  and  other  hybrid  human  races. 
The  mulatto  is  oflcn  triumphantly  appealed  to  as  a  proof  that  hy- 
brid races  are  prolific  without  end.  Every  physician  who  has  seen 
much  practice  among  mulattoes  knows  that,  in  the  first  place,  they 
are  far  less  prolific  than  the  blacks  or  whites ;  —  the  statistics  of  New 
York  Stale  and  City  confirm  this  fact  of  daily  observation ;  —  and,  in 
the  second  place,  when  they  are  prolific,  the  progeny  is  frail,  dis- 
eased, short-lived,  rarely  arriving  at  robust  manhood  or  maternity. 
Physicians  need  not  be  told  of  the  comparatively  enormous  amount  of 
scrofulous  and  deteriorated  constitutions  found  among  these  hybrids. 

The  Colonization  Journal  furnishes  some  statistics  in  regard  to  the 
colored  population  of  New  York  City,  which  are  painfully  interesting 
to  philanthropists.  The  late  census  showed  that,  while  all  other  classes 
of  our  population,  in  all  parts  of  the  country,  were  increasing  at  an 
enormous  ratio,  the  colored  were  decreasing.  In  the  State  of  New 
York,  in  1840,  there  were  50,000 ;  in  1850,  only  47,000.  In  New 
York  City,  in  1840,  there  were  18,000;  in  1850,  only  17,000.  Ac- 
cording  to  the  New  York  City  Inspector's  Report  for  the  four  months 
ending  with  October,  1853, — 

1st.  The  whites  present  2,230  marriages ;  the  colored,  16. 

2d.  The  whites  present  6,780  births ;  the  colored,  70. 

3d.  The  whites  present  about  6,000  deaths  (exclusive  of  2,152 
among  1 16,000  newly  arrived  immigrants  and  others  unacclimated) ; 
the  colored,  160. 

Giving  a  ratio  of  deaths  among  acclimated  whites  to  colored 


PHYSIOLOGY.  249 

persons  of  37  to  1,  while  the  births  are  97  to  1.  The  ratio  of  whites 
to  colored  is  as  follows :  —  Marriages,  140  to  1 ;  births,  97  to  1 ; 
deaths,  37  to  L 

According  to  the  ratio  of  the  population,  the  marriages  among  the 
whites  during  this  time  are  three  times  greater  than  among  the  col- 
ored ;  the  number  of  births  among  whites  is  twice  as  great ;  in 
deaths  the  colored  exceed  the  whites,  not  only  according  to  ratio  of 
population,  but  show  165  deaths  to  76  births,  or  7  deaths  to  3  births, 
more  than  two  to  one. 

The  same  is  true  of  Boston,  as  far  as  the  census  returns  will  enable 
us  to  judge.  In  Shattuck^s  census  of  1845  it  appears  that  in  that  year 
there  were  146  less  colored  persons  in  Boston  than  in  1840,  the  total 
number  being  1,842.  From  the  same  work  the  deaths  are  given  for 
a  period  of  50  years,  from  1725  to  1775,  showing  the  mortality  among 
the  colored  to  have  been  twice  that  among  the  whites ;  of  late  years 
Boston  probably  does  not  differ  from  itself  in  former  times,  nor  from 
New  York  at  present 

In  the  Compendium  of  the  U.  S.  Census  for  1850  (p.  64),  it  is  said 
that  the  "  declining  ratio  of  the  increase  of  the  free  colored  in  every 
section  is  notable.  In  New  England  the  increase  is  now  almost  noth- 
ing ^^ ;  ui  the  Southwest  and  the  South  the  increase  is  much  reduced ; 
it  is  only  in  the  Northwest  that  there  is  any  increase,  "  indicating  a 
large  emigration  to  that  quarter.^' 

What  must  become  of  the  colored  population,  at  this  rate,  in  a  few 
years  ?  And  what  are  the  causes  of  this  decay  ?  They  do  not  dis- 
regard the  laws  of  social  and  physical  well-being  any  more  than,  if 
they  do  as  much  as,  the  whites.  Prominent  among  the  causes  of  de- 
cay is  the  continual  attempt  to  mix  races,  —  the  hybrids  cease  to  be 
prolific ;  the  race  must  die  out  as  mulatto ;  it  must  either  keep  black 
unmixed,  or  become  deteriorated,  and  finally  extinct.  Nobody  doubts 
that  a  mixed  offspring  may  be  produced  by  intermarriage  of  different 
races.  The  Griquas,  the  Papuas,  the  Cafusos  of  Brazil,  so  elaborately 
enumerated  by  Prichard,  show  this;  the  question  is,  whether  they 
would  be  perpetuated  if  strictly  confined  to  intermarriages  among 
themselves.  From  the  facts  in  regard  to  mulattoes,  we  say  unques- 
tionably not  The  same  is  true,  as  far  as  has  been  observed,  of  the 
mixture  of  the  white  and  red  races  in  Mexico,  and  Central  and  South 
America.    The  well-known  infrequency  of  mixed  offspring  between 
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the  European  and  Australian  races  led  the  colonial  government  to 
official  inquiries;  and  to  the  result,  that  in  31  districts,  numbering 
15,000  inhabitants,  the  half-breeds  did  not  exceed  200,  though  the 
connection  of  the  two  races  was  very  intimate. 

A  recent  opportunity  of  witnessing  the  landmg  of  a  large  colored 
picnic  party  afforded  the  most  striking  proof  of  the  inferiority  and 
tendency  to  disease  in  the  mulatto  race,  even  with  the  assistance  of 
the  pure  blood  of  the  black  and  white  races.  Here  were  both  sexes, — 
all  ages,  from  the  infant  in  arms  to  the  aged, —  and  all  hues,  from 
the  darkest  black  to  a  color  approaching  white.  There  was  no  old 
tnulattOj  though  there  were  several  old  negroes^  and  many  fine-looking 
mulattoes  of  both  sexes,  evidently  the  first  ofispring  from  the  pure 
races.  Then  came  the  youths  and  children,  removed  one  generation 
farther  from  the  ori^al  stocks,  and  here  could  be  read  the  sad  truth 
at  a  glance ;  —  while  the  little  blacks  were  agile  and  healthy-looking, 
the  little  mulattoes,  youths  and  young  ladies,  were  sickly,  feeble,  thin, 
with  frightful  scars  and  skin  diseases,  and  scrofula  stamped  on  every 
feature  and  every  visible  part  of  the  body.  Here  was  hybridity  of 
human  races,  under  the  most  favorable  circumstances  of  worldly  con- 
dition and  social  position ;  and  yet  it  would  have  been  difficult,  and,  I 
believe,  impossible,  to  have  selected^  from  the  abodes  of  crime  and 
poverty,  more  diseased  and  debilitated  individuals  than  were  presented 
by  this  accidental  assemblage  of  the  victims  of  a  broken  law  of 
nature. 

Such  facts  as  these  lead  to  the  belief  that  hybridity  is  a  true  test 
of  specific  difference ;  and  that  admixture  of  species,  in  man  or  ani- 
mals, must  end,  sooner  or  later,  in  deterioration  and  extinction, — 
very  soon  if  unmixed  with  the  pure  stocks,  and  later  if  thus  mixed  ; 
that,  at  any  rate,  extinction  is  the  doom  of  the  hybrid  race,  either  by 
absorption  into  the  parent  races,  or  by  slow  decay. 

For  wise  purposes,  which  we  can  know  but  imperfectly,  the  Creator 
permits,  as  we  see,  different  races  of  men  and  animals  to  produce 
fertile  offspring  inter  se.  Thus  far,  and  no  farther,  can  man  go  in  his 
attempts  to  mingle  species,  which  change  perceptibly  within  narrow 
limits,  and  then  perish,  or  return  to  their  origins. 

One  of  the  consequences  of  this  opinion  is,  that  the  genus  HoHO 
consists  of  several  species. 
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3.  Contributions  to  the  Physiology  of  Sight.     By  Dr.  T.'  C. 
HiLGARD,  of  Philadelphia. 

I.     Accuracy  of  Sight  and  Means  of  Accommodation, 

In  both  these  subjects  important  points  are  still  enveloped  in  doubt, 
partly  from  a  want  of  explanation,  partly  from  indistinct  or  equivocal 
conceptions ;  but  chiefly  from  a  want  of  sufficient  experiments,  and 
the  effect  of  others  which,  by  equivocal  results,  have  produced  only 
more  obscurity.  It  may,  therefore,  not  appear  superfluous  to  intro- 
duce some  original  observations  and  experiments  tending  to  elucidate 
those  points  in  a  connected  exposition  of  the  whole  subject,  in  order 
to  show  their  bearing,  and  to  bring  a  number  of  known  facts  under 
their  proper  point  of  view,  without,  however,  any  pretensions  to 
novelty. 

The  simple  considerations  must  necessarily  precede  the  com- 
pound, —  the  consideration  of  monocular  that  of  binocular  vision. 

However  far  an  eye  can  reach,  it  is  impressed  distinctly  only  with 
a  single  distance  at  a  time,  all  objects  more  remote  or  near  appearing 
for  the  moment  ill-deflned  or  vague,  while  they  may  be  rendered  dis- 
tinct in  their  turn,  to  the  disadvantage  of  others.  This  adjustment  is 
known  to  be  subject  to  volition.  The  eye  is  supposed  to  adapt  itself 
to  suit  given  distances,  which  faculty  is  called  that  of  accommodation. 
The  range  between  the  farthest  and  the  nearest  distances  of  well-de- 
fined vision  is  the  scope  of  sight.  In  near-sighted  (short-sighted)  eyes 
it  embraces  only  a  few  feet.  In  normal  and  far-sighted  ones  it  can  ex- 
tend to  celestial  distances.  The  two  eyes  difler  mostly  in  this  respect : 
the  short-sighted  one  may,  for  example,  see  accurately  from  four 
inches  to  six  feet  distance,  the  normal  one  from  three  inches  to  infinity. 

To  see  parts  as  minutely  as  possible,  we  must  bring  them  as  near 
as  possible,  the  angles  then  being  the  largest.  Experiments,  how- 
ever, seemed  to  show  that  perfect  accuracy  of  sight  took  place  at  a 
distance  diflferent  from  that,  and  that  it  also  had  a  certain  scope,  in 
near-sighted  eyes,  nearly  coinciding  with  that  "  of  vision  "  generally.* 

The  limits  both  of  visual  range  and  of  perfect  accuracy  (not  a  very 

*  In  normal  and  far-sighted  ones,  however,  "  exceedingly  variable,  eren  extend- 
ing as  fiur  as  500  feet."    (Budge.) 
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good  distinction,  as  the  latter  seems  to  be  included  in  the  very  defini- 
tion of  the  former)  are  determined  by  optometers^  which  are  gradu- 
ated bars,  with  a  sliding  test-object,  to  be  stopped  where  it  begins  to 
be  indistinct  Thus,  for  establishing  the  scope  of  well-defined  vision, 
the  point  of  an  acute  corner  is  used  in  an  object  plainly  visible  as  to 
size,  the  point  being  produced  by  the  meeting  of  two  rectilinear  mar- 
gins. It  is  set  up  at  a  distance,  where  it  has  as  good  definition  as  the 
eye  is  capable  of.  It  is  moved  toward  the  eye  by  degrees,  affording 
the  organ  a  little  rest  at  each  station ;  suddenly  a  point  is  arrived  at 
where  the  points  and  margins  become  diffused  by  a  spreading  dim- 
ness. Thus,  a  nearest  and  a  farthest  limit  are  obtained,  if  an  infinite 
distance  too  can  be  called  a  limit.  For  the  determination  of  the  ex- 
tent of  minute  vision  print  is  generally  chosen,  which  is  moved  to  and 
fro  so  far  as  possible  without  becoming  inconvenient  to  read^  —  a  cir- 
cumstance greatly  dependent  on  external  circumstances,  such  as 
illumination,  and  chiefly  size. 

It  is  evident  that,  in  seeing  with  both  eyes  at  once  (binocular  vision), 
when  it  is  required  that  both  eyes  be  accommodated  to  the  same  dis- 
tance^ and  that  their  axes  meet  at  that  distance,  the  impressions  of 
both  eyes  being  then  duly  superincumbent  in  our  consciousness,  the 
range  of  defined  as  well  as  minute  vision  cannot  extend  beyond  the 
nearest  one  of  the  outer  limits  of  the  single  eyes,  nor  this  side  of  the 
farthest  inner  limits,  that  is,  cannot  extend  beyond  where  the  eyes  can 
operate  in  common. 

It  is  also  evident,  that,  in  experiments  on  visual  accuracy,  all  artifi- 
cial inconveniences,  and  chiefly  all  exclusion  and  diffusion  of  light, 
as  far  as  not  founded  within  the  organ  itself,  must  be  carefully  avoided. 
This  fundamental  requisite,  however,  we  find  entirely  disregarded  by 
most  optometrical  contrivances,  by  being  complicated  with  the  Scheiner 
experiment.  The  eye  is  constructed  afler  the  plan  of  a  camera  ob- 
scura,  and  accuracy  of  sight  obtained  by  focality  of  the  retina,  the 
nervous  expanse  in  the  rear  of  the  camera  and  lining  the  eyeball. 
The  idea  is  to  make  supervenbg  extra-focality  more  perceptible  by 
preclusion  of  the  more  central  rays,  thus  causing  an  incipient  or  total 
separation  of  retinal  images,  as  soon  as  homocentric  rays  are  no  more 
unitable  on  it.  A  screen  is  placed  close  to  the  eyes,  with  two  stitches 
or  clefts  in  front  of  the  pupil,  but  so  as  to  have  its  centre  screened, 
and  only  a  few  lateral  pencils  of  light  admitted,  each  producing  a  dim 
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configaration  of  its  own  representing  the  lucid  object,  *-  as  in  an  oc- 
cultation  of  the  sun,  when  its  orb  is  led  crescent*shaped,  each  chink  in 
the  foliage  will  project  on  the  ground  a  crescent-shaped  luminosity, 
while  a  full  sun  projects  round  specks,  and  a  candle  shining  through 
pin*boles  as  many  inverted  representations  of  itself  as  there  are 
chinks.  These,  if  collected  by  a  lens,  will  form  a  single  image  in  its 
focus,  but  forward  and  backward  of  it  as  many  separate  ones,  gradu- 
ally seceding  as  they  recede  from  the  focus. 

Nothing  so  quickly  affects  the  eye  morbidly,  and  causes  rapid  de- 
struction of  nervous  eyesight,  as  diffused  rays,  such  as  are  caused  by 
the  proximity  of  a  screen's  surface,  in  the  first  place.  In  the  second 
place,  this  contrivance,  in  precluding  the  central  rays,  precludes  the 
only  rays  that  can  be  united  into  an  exact  focus,  owing  to  the  spheric 
form  of  the  lens ;  thus  in  no  case  can  an  exact  image  be  obtained, 
even  if  focal.  Thirdly,  the  mtensity  of  the  light  normally  admitted 
through  the  pupil  is  reduced  perhaps  to  its  hundredth  part,  the  pencil 
of  incident  light  being  thus  reduced.  Fourthly,  the  inflection  of  light 
passing  by  margins,  or  through  chinks  (condensation  of  air  along  sur- 
fiices?),  causing  a  considerable  aberration,  will  never  permit  of  an 
exact  image  being  produced. 

Hence,  the  complication  with  the  Scheiner  experiment  not  only  leads 
to  incorrect  results  as  to  scope,  but  furnishes  a  multiplicity  of  results 
that  belong  to  quite  a  diflerent  class  of  optic  phenomena. 

In  experiments  on  scope,  as  well  as  mimUeness,  the  objects  must  be 
perfectly  open  to  sight,  and  duly  Uluminated. 

In  experiments  under  conditions  entirely  plain  and  natural,  the  mo- 
ment the  sliding  point  in  contemplation  passes  the  limits  of  accommo- 
datioo,  that  very  moment  it  becomes  ill  defined,  clearly  enough  so  to 
be  at  once  observable.  If  brought  near  the  proximal  limit,  that  indis- 
tinctness can  be  contemplated  as  such,  and  studied  in  its  form  and  na- 
ture mth  paramount  attention,  without  producing  the  slightest  change, 
except  that  the  idea/s  concerning  it  flow  more  freely.  Nor  does  the 
toish  to  see  more  cleariy  for  itself  produce  any  sensuous  change.  It  is 
only  an  exertion  of  will  to  that  purpose, —  an  exertion,  not  a  mere 
wish,  and  a  very  sensible  exerti<xi,  —  that  is  able  here  to  produce  ac- 
comouMiation.  This  exertion  is  clearly  felt  as  a  muscular  one,  and 
occupying  the  whole  orbit  except  the  middle  filled  with  the  eyeball, 
thus  exaetly  corresponding  to  ihe  position  of  the  external  euo-nmscUs. 
22 


254  B.   CHEMISTRY   AND   NATURAL    HISTORY. 

In  accommodation  for  distance,  on  the  contrary,  the  greatest  feasihie 
relaxation  is  experienced.  If  the  muscles  with  which  we  turn  and 
move  the  eyes  he  wilfully  relaxed  to  the  feasible  extreme,  not  only 
the  eye-axes  assume  a  parallel  position,  as  in  adaptation  for  infinite 
distance^  but  at  the  same  time  each  eye  is  accommodated  for  infinity. 
If  the  muscles  that  move  the  ball  be  wilfully  "  strained,"  contracted 
as  much  as  possible  on  all  sides,  then  the  eye  is  found  to  be  in  accom- 
modation for  greatest  proximity. 

These  experiments  are  accessible  to  every  one,  and  can  be  realized 
without  an  apparatus.  I  think  it  a  most  important  support  for  the  the- 
ory, that  all  sensuous  exactness^  also  in  the  eye,  is  produced  oljec- 
tively^  and  as  far  as  voluntary  hy  muscular  action. 

Besides  certain  universal,  mostly  unconscious,  but  often  voluntary, 
irradiating  effects  from  person  to  person,  and  strictly  dependent  on 
and  expressive  of  psychic  conditions,  the  notorious  manifestation  of  the 
mind  on  the  material  world  is  muscular  action^  namely,  by  a  material 
exertion  of  will.  A  mechanical  effect  of  the  mind  is  thus  produced, 
but  also  a  sensuous  one,  producing  a  voluntary  correctness  or  indis- 
tinctness of  perceptions.  In  the  four  lower  senses  these  effects,  too, 
have  been  proved  to  be  mechanical  ones,  owing  to  mtucular  actiony  by 
rendering  the  form  of  the  ultimate  sensuous  stimulus  more  defined. 
The  exertion  of  will  to  hear  more  distinctly  affects  the  musculus  ten- 
sor tympani  to  span  the  tympanum,  whereby  better-defined  vibrations 
are  produced,  that  come  to  a  final  perception  accordingly.  The  olfac- 
tory perceptions  are  regulated  by  the  modes  of  inhalation  and  masti- 
cation (see  Proceedings  of  1854,  p.  251),  the  gustative  by  the  latter; 
while  the  recognition  of  qualitative  diversity  among  the  impressions 
once  perceived  is  a  subjective  function  much  dependent  on  attention. 
In  sensuousness  we  have  two  psychic  functions :  a  passively  sensuous 
one,  perception^  and  an  active  intellectual  one,  recognition  or  judg- 
ment, which,  being  of  the  intellectual  order,  is  affected  by  attention. 

We  have,  therefore,  every  reason  to  expect  that  distinctness  of  vision, 
too,  is  owing  to  physical  conditions,  in  the  first  place,  and  secondly, 
as  it  is  influenced  by  exertions  of  will,  to  musctdar  action. 

It  was  evident  that  distinctness  of  vision  depended  on  distinct  repre- 
sentations on  the  retina ;  at  least  this  idea  was  not  to  be  lef\,  and 
recourse  taken  to  inherent  psychic  faculties,  before  all  possibilities  of  a 
physical  nature  were  properly  explored  (exploities)  and  exhausted. 
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We  must  here  make  a  few  remarks  on  the  proper  method  of  phys- 
iological investigation,  as  hy  a  want  of  it  physiologists  were  so  fre- 
quently misled  to  skip  their  hest  and  due  chances  of  a  proper  under- 
standing, running  their  hoats  directly  ahead  into  the  shoals,  instead  of 
following  the  channel^  floundering  upon  instdbilis  telluSy  innahilis 
undaj  when  they  attributed  distinctness  of  sensation  to  attention. 

All  sciences  consist  of  two  parts :  the  envpirical  mass  and  mailer 
of  facts^  and  the  understanding  thereof,  or  knowledge  of  relations 
("  the  humor  of  it,"  —  Shakespeare).  In  natural  sciences  this  is  self- 
evident,  as  the  empirical  mass  is  so  much  more  ponderous  than  the 
ideas  concerning  it  Even  in  mathematics,  if  no  objective  casualties 
had  led  to  various  researches  of  relations  (as  each  one  of  unknown 
magnitudes  requires  an  independent  equation  or  concrete  occurrence), 
its  system  would  never  have  been  generated.  Its  present  form  is  an 
accidental  one.  It  is  not  complete.  Who  can  tell  how  to  complete 
it  ?  No  science  was  originated  a  priori^  but  a  posteriori^  starting 
from  concretes  or  casualties. 

The  empirical  is  the  body  scientific ;  the  understanding,  the  soul 
thereof.  The  empirical  is  the  reality  to  operate  upon.  Understand- 
ing is  the  comprehension  of  the  unknown  by  the  known.  We  must  in 
each  case  proceed  from  the  most  knovm^  most  reai^  most  absolute^  — 
this  is,  no  doubt,  the  fundamental  rule.  The  second  is  to  skip  no 
link  of  the  chain,  and  to  linger  at  each  until  all  combinations  are 
exhausted. 

For  us  there  are  two  different,  though  corresponding,  realities  or 
empiricisms.  But  few  connecting  links  are  known.  One  is  sensuous 
empiricism,  which  brings  the  impressible  but  blank  mind  to  the  knowl- 
edge of  a  reality  not  founded  within  itself,  the  *'  outward  world " ; 
the  other  is  the  mental  empiricism,  which  takes  cognizance  of  its  own 
inherent  conceptiveness  and  energies,  its  intellectual  and  moral  pro- 
cesses and  results,  to  which  sensuous  empiricism  furnishes  the  ma- 
terial to  digest. 

As  the  becoming  conscious  hi  our  sensuous  energies  depends  en- 
tirely on  material  casualties,  these  are  to  be  considered  as  the  con- 
ditioning causes,  the  empirical  domain  or  reality  of  sensuosity,  and 
therefore  we  must,  in  the  explanation  of  sensuous  phenomena,  com- 
mence at  the  most  extraneous,  as  the  most  conditioning  in  the  concrete 
cases ;  but  in  the  determination  of  the  intellectual,  and  its  effects  on 
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the  physical  world,  at  our  menial  consciousness,  each  in  its  turn  being 
the  most  primal  or  fundamental. 

A  real  explanation  requires  to  be  constituted  of  facts  and  pre»u* 
tahlished  conceptions ;  otherwise  it  is  no  understanding  of  unknown  by 
knovm  things.  If  not  so,  they  only  appear  as  hypothetical  postulates, 
each  hypothesis  remaining  to  be  proved. 

Thus  is  it  with  the  assumption  of  attention  as  a  factor  in  sensuous 
phenomena.  Attention  we  meet  on  the  empirical  field  of  inteUeet^ 
not  of  physics.  It  is  in  the  intellectual  range  that  we  fall  in  with  it, 
that  we  experience  and  conceive  of  it.  Here  it  is  that  its  properties 
must  be  studied.  If  the  properties  thus  established  can  explain  any- 
thing in  the  sensuous  way,  so  much  the  better.  If  the  study  of  each 
conception,  sensuous  and  intellectual,  be  commenced  at  its  proper 
source^  if  at  all  conductible  so  far  as  to  meet,  they  are  sure  to  meet  at 
the  right  point.  In  what  relation  attention  stands  to  the  sensuous, 
namely,  indirectly  by  steadying  the  conceived  will,  we  shall  pres- 
ently see. 

Prom  the  proper  manifestations  of  attention,  I  think  it  cannot  be 
more  plainly  qualified  than  as  the  faculty  of  the  mind  to  persist  in  a 
direction  once  assumed.  It  is,  as  it  were,  the  momentum  of  the  mnd, 
the  persistence  of  animadversion. 

Wherever  the  mind  is  fixed  upon,  thereunto  the  ensuing  thoughts 
evolve  and  revolve.  This  power  of  attention  in  intellectual  matters 
being  so  well  known,  the  temptation  was  great  to  ascribe  to  it  a  similar 
efliciency  and  productiveness  in  sensuous  phenomena.  It  exercises 
its  influence  on  will  and  judgment,  but  not  on  sensation  itself.  The 
explanation  of  sensuous  accuracy  by  attention  must  therefore  be  re- 
jected, as,  — 

In  the  first  place,  satisfactory  explanations  can  be  furnished  by 
physical  causes  dominating  the  final  object  of  perception. 

In  the  second  place,  attention  has  no  such  power  pre-established^ 
which  would  at  least  remain  hypothetical ;  if  not 

Thirdly,  the  physical  experiment  disproves  attention  to  be  at  all 
directly  influential,  except  by  actuating  the  mind  to  ideas  and  will- 
energy.  We  may  hear  sounds  as  distinct  or  as  indistinct  with  equal 
attention,  and  distinctly  or  indistinctiy  without  attention,  the  impres- 
sion on  the  sensorium  remaining  the  same.  We  may  read  with  eyes 
or  hear  a  whole  page  distinctly,  without  becoming  conscious  of  the 
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sense  conveyed,  if  attention  be  absent  Eeturning,  it  may  cause  the 
mind  to  peruse  the  last  impressions  meaninglessly  impressed  on  the 
sensorium,  the  last  words,  the  strokes  of  a  clock.  Sensuous  recollec* 
tion  will  repeat  the  words,  the  strokes,  such  as  they  were,  and  the  now 
attentive  mind  may  conceive  of  a  meaning  in  the  words,  and  of  a 
number  of  the  strokes,  &c.  Indistinct  vision,  as  we  have  shown,  can 
be  "  attended  to^^^  and  conceived  oi  9w:h  with  perfect  attention,  with- 
out thereby  becoming  more  distmct 

Physical  distinctness  was  to  be  sought  for.  Being  voluntary,  it  was 
to  be  sought  in  the  organ.  It  was  to  be  sought  in  its  stimulus^  light 
Light  presented  distinctness  in  the  focus.  The  focus  was  found  on 
the  retina.    The  retina  was  found  sensuous  to  light 

Olbers  computed  a  variability  of  1'''  of  distance  between  the  len- 
ticular system  and  the  retina  to  answer  all  purposes  of  accommoda- 
tion. Recent  experiments  have  shown  the  difference  of  focus  in 
(dead)  human  eyes,  for  objects  from  4  inches  to  infinite  distance,  to  be 
about  1'". 

What  could  produce  this  requisite  volubility  ?  The  most  fabulous 
and  directly  untrue  explanations  were  given,  facts  asserted  that  do  not 
exist,  and  credit  given  from  '*  want  of  a  better,'*  or  rather  from  mental 
laziness. 

Within  the  eye,  in  loco^  no  original  motive  causes  can  be  adduced. 
The  cornea  (the  transparent  outward  convexity)  does  not  change. 
Next  comes  a  fluid.  The  lens  changes  its  position  quite  actively^  and 
in  accommodation  for  proximity  its  surface  has  been  observed  to  come 
forward.*  There  are  no  voluntary  organs  of  motion  within  the  bulb, 
only  involuntary  muscular  fibres  subservient  to  the  reflex  action  of  the 
iris,  A  circle  of  half-gelatinous  muscular  papillae  at  its  insertion  and 
base  (corona  eillaris)^  projecting  not  more  than  at  most  {^  of  a  line,  was 
put  in  requisition  to  '*  press  the  lens  backward,'*  in  order  to  produce 
accommodation  for  distance,  against  the  united  stress  of  four  power* 
ful  lengthwise  muscles ;  the  ''  straight  *'  ones,  fixed  at  the  very  recess 
of  the  orbit,  and  spanning  their  flattened  sinews  over  the  globosity  of 
the  elastic  ball,  ending  near  the  cornea;  and  two  transverse  ones, 
forming  a  tractile  lelt. 

The  most  plausible,  and  probably  the  only  possible  explanation, 

*  The  writer  is  at  present  engaged  in  a  series  of  experiments  on  that  snbjeclf 
with  ofticiirect  /enses  and  jnqnBar  adhitions  in  livisg  eyes. 

22* 
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was  for  a  long  time  qaite  neglected.  The  bulk  of  the  ball,  between 
the  retina  and  the  lens,  which  it  bears  in  front  suspended  in  a  strong 
transparent  diaphragm,  is  occupied  by  a  toughly  gelatinous  elastic 
mass  {corpus  vitreum).  A  pressure  of  muscles  acting  always  on  it 
around  its  ^'  equator,'^  it  cannot  hdp  yielding  to  their  various  degrees 
of  tension,  as  the  bulb  cannot  move  backward,  being  sustained  in  posi* 
tion  by  a  fatty  bolster  behind  and  laterally.  It  must  yield  in  the  free 
direction,  must  elongate ;  hence  it  cannot  help  to  produce  various  aceom' 
modaiions^  elongation  being  required  for  accommodation  to  proximity. 
Relaxation  must  shorten  the  intra*ocular  distance,  does  accommodate 
for  distance.  The  corpus  vitreum  being  elastic,  it  must  yield  in  the  axial 
direction  in  both  senses ;  if  the  retina  be  swelled  backward  ^''',  elon* 
gating  the  bulb  ^"\  the  lens  may  also  be  moved  forward  ^"',  and  the 
total  difference  is  1"^  as  required. 

The  accuracy  and  delicacy  of  changes  is  obviously  explained  by 
the  disposition  of  the  forces,  a  great  contraction  of  a  muscle  producing 
only  a  small  lateral  effect  on  the  bulb  over  which  it  is  bent. 

We  have  stated  before,  that  all  exertion  to  effect  accommodation  is 
felt  to  be  a  muscular  one  in  the  locality  of  these  outward  or  voluntary 
eye-muscles.  Also,  if  those  muscles  be  wilfully  contracted,  then  the 
eye  is  really  accommodated  for  proximity.  Also,  if  we  rest  and  reia» 
the  eyes,  they  not  only  assume  the  parallel  direction,  but  are  accom- 
modated for  distance.  Every  one  can  thus  practise  wilful  accommo- 
dation. 

I  mention  these  facts  in  corroboration  of  this  theory  of  accommoda- 
tion, held  and  cultivated  by  Von  Graefe  (at  Berlin).  Whoever  may  have 
been  the  first  to  originate  it,  he  proved  it  conclusively  by  the  observation 
of  the  efiects  of  morbid  and  artificial  paralysis  of  the  external  eye-mus- 
cles, the  latter  ensuing  directly  on  an  application  of  the  neutral  <u2- 
pkate  of  atropia^  long  before  any  of  its  effects  on  the  iris  and  interior 
parts  take  place.  The  muscles  being  relaxed,  the  eye  stands  out  and 
is  accommodated  for  an  inalterable  distance,  namely,  farthest  dis* 
tance ;  —  whatever  be  the  wishes  or  *'  attention  ^^  of  the  patient,  the 
organ  to  execute  his  will  is  paralyzed ! 

The  conditions  of  the  distinctness  or  indistinctness  of  sight,  and 
the  degree  of  accuracy,  depend,  — - 

L  On  the  fact  that  only  the  central  part  of  the  retina,  situated 
where  in  looking  straight  forward  the  optic  axis  is  incident,  is  organ* 
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ized  to  peiceiTe /omu  distinctly.  The  eccentric  parts  are  less  delicate 
in  fomi«perception.    Images  laterally  incident  are  less  distinct 

2.  On  the  focality  or  eztra-focality  of  the  central  part  of  the  retina. 
That  part  being  out  of  focus,  it  perceives  distinctly  the  inaccuracy 
and  difiusedness  of  the  images.  If,  by  a  slight  distortion  of  the  bulb, 
as  in  turned  eyes,  it  changes  its  position  toward  the  optic  axis,  the  in* 
tense  light  of  that  axis  will  be  incident  obliquely,  and  hence  dififusedly, 
all  points  except  one  being  out  of  focus,  and  produce  a  less  distinct, 
but  a  far  more  fenrent  perception. 

3.  The  gelatinous  body  {carpus  vitreum)  in  a  normal  state  offers 
no  conditions,  except  that  its  refractive  power,  like  that  of  all  the  re- 
fractive mediums,  influences  the  distance  of  focus  and  correction  of 
light-dispersion.  Also,  all  morbid  conditions  of  the  several  organs^ 
infiltrations,  exudations,  hoemorrhages,  &;c.,  in  short,  all  material 
lesions,  interpositions  of  opaque  bodies,  morbid  chauges  in  the  refrac- 
tive powers,  and  the  sensitiveness  of  the  nerve,  are  influential,  but 
are  here  not  further  entered  upon,  as  being  abnormal. 

4.  The  irregularity  in  the  lens,  causmg  luminous  points  (stars,  lan- 
terns) to  appear  beamed  and  pencilled^  dec.,  and  resulting  from  the 
peculiar  arrangement  of  the  fibres  around  two  amorphous  Y-shaped 
central  configurations,  an  upright  one  in  front,  and  an  inverted  one 
behind,  producing  the  appearance  of  a  six« rayed  star,  —  in  the  lens  to 
the  looker  on,  in  the  sky  to  the  looker  out.  Of  course  the  Hze  and 
tniensiiy  of  these  diffusions  of  lights  and  their  changes  in  deflected- 
looking,  constitute  a  minimum  limit  of  accuracy^  outlines  being  diffused 
to  a  certain  extent ;  hence  figures  whose  retinal  image  is  within  the 
extent  of  that  aberration  will  be  no  more  distinguishable  as  to  form. 
Thus  objects  of  a  size  insufficient  to  subtend  a  certain  visual  angle  are 
absorbed  in  the  irradiation.  In  what  relation  this  dispersion  stands  to 
the  focus  and  its  distance  from  the  lens,  hence  to  accommodation, 
has  not  yet  been  ascertained,  to  our  knowledge.  The  unsteady  accom- 
modation of  the  short-sighted  eye,  that  cannot  adjust  for  parallel  rays, 
in  binocular  contemplation  of  a  star  will  produce  a  certain  vacillating 
contingent  of  its  apparent  '*  rays^^  while  other  and  most  eccentric 
beams  are  superadded  by  the  capillary  attraction  of  moisture  along 
the  pinched  or  quivering  eyelids. 

5.  The  spheric  form  of  the  lens  causes  a  spheric  aberration,  the 
nys  passing  through  lateral  parts  not  becoming  united  in  a  perfect 
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focus.  This  alone  would  produce  a  certain  mellowness  of  outline, 
and  hence  a  minimum  limit  of  visual  angle ;  but  its  effect  is  much 
smaller  than  that  caused  by  the  starry  irradiation  of  the  lens,  resulting 
from  its  structure.  If,  however,  the  pupil  be  considerably  enlarged, 
as  in  looking  into  the  dark,  the  effect  is  very  sensible,  increasing  the 
extent  of  the  irradiation,  and  by  falling  on  eccentric  parts  will  cause 
great  luminosity  and  fervency  of  color ;  hence, 

6.  The  width  of  the  pupil  is  of  great  importance.  In  the  dark,  and 
in  accommodation  for  distance,  it  enlarges,  admitting  of  a  greater 
quantity  of  light.  In  the  latter  case,  without  any  detriment  to  accu- 
racy, spheric  aberration  being  the  less  considerable,  the  less  divergent 
the  rays,  the  farther  the  object  of  vision.  The  yellow  light  uses  and 
pains  the  eye  the  most,  causing  a  stronger  contraction  of  the  pupO, 
and  less  admission  of  light  generally.  If  by  a  screen,  spectacles,  or 
a  chimney  of  true-blue  (e.  g.  cobalt  blue)  glass,  much  of  the  yellow 
light  be  precluded,  the  expanded  pupil  admits  of  so  much  more  light 
that  the  increase  of  quantity  more  than  compensates  the  loss  of  certain 
rays,  and  vision  is  actually  brighter  through  such  glasses  that  are 
really  somewhat  darkening. 

The  humor  aqueus^  —  the  fluid  between  the  lentine  diaphragm  and 
the  cornea^  —  as  well  as  the  latter,  does  not  in  a  normal  state  present 
any  conditions  for  dimness  of  sight 

7.  The  lachrymal  fluid  streaming  down  over  the  eye,  and  the  mar- 
gin of  the  eyelids  where  it  accumulates  by  capillary  attraction,  has 
been  mentioned  before. 

8.  The  direction  of  the  eye-axes  in  binocular  vision.  If  they  fail 
to  meet  (converge),  as  in  muscular  debility  (Von  Graefe)  by  over- 
straining, so  frequent  in  seamstresses  (''  dulness  of  sight ''),  as  well  as 
for  points  before  and  behind  the  distance  of  converging  axes,  double 
vision  exists.  (Collateral  correspondence  of  retinal  parts,  the  right 
side  being  perceived  as  coincident  or  '*  identical ''  with  the  right,  the 
lefl  with  the  left  side  of  the  other  ball,  is  obtained  by  rays  from 
identical  points  at  the  distance  of  converging  axes.) 

9.  The  difference  of  accommodating  power  or  scope  of  sight.  A 
co-operative  eye,  unable  to  accommodate  for  the  distance  for  which  the 
other  is  adjusted,  will  receive  only  a  diffused  image,  and  trouble  the 
clearness  of  the  other.  Hence  distinct  binocular  vision  cannot  exceed 
the  scope  between  the  farthest  one  of  the  proximal  and  the  nearest  of 
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the  remote  limits  afforded  by  a  pair  of  eyes  as  above  mentioned. 
In  two  eyes  co-operating,  every  want  of  accuracy  in  one  will  injure 
the  correctness  attainable  through  the  other  singly. 

10.  All  the  outward  conditions  influencing  the  state  of  the  arriving 
light,  as  aerial  dispersion  and  vacillation.  On  alpine  heights,  through 
a  serene  and  homogeneous  atmosphere,  thousands  of  feet  above  the 
dusky  atmospheric  ledge  overspreading  the  lowlands,  on  snow-fields 
40  miles  distant,  '^  small  type ''  executed  in  letters  of  1,500  feet 
would  be  read  as  easily  as  that  of  j^  of  an  inch  on  a  page  at  8  inches^ 
distance,  which  in  its  turn  would  cover  towering  summits,  as  that  of 
the  Toedi,  seen  near  Zurich,  in  Switzerland,  the  angle  bebg  the  same. 
Sizes  increasing  afler  the  same  ratio  as  light  decreases  in  intensity, — 
namely,  after  the  ratio  of  expanding  angle  or  rectilinear  emanation,  — 
distance  itself  being  without  influence  as  to  intensity,  and  as  to  aerial 
dispersion,  the  loss  is  perhaps  more  than  compensated  by  the  en- 
lai^ment  of  the  pupils. 

Ceteris  parihus^  vision  is  minutest  under  conditions  where  angles 
become  largest,  namely,  at  the  greatest  proximity  that  can  be  accom- 
modated for,  and  this  is  proved  by  experience.  But  that  adjustment 
requiring  a  great  exertion,  and  exercising  the  greatest  pressure  on 
internal  parts,  it  can  be  sustained  only  for  a  very  short  time.  The 
muscles  become  tremulous,  tears  flow,  the  eyes  ache  and  become 
dark,  &c.  For  a  sustained  minute  vision  a  greater  distance  is  chosen, 
some  of  the  angular  size  being  readily  sacrificed  to  comfort,  and  a 
certain  empirical  distance  for  close  work  is  habitually  assumed. 

We  have  thus  for  each  single  eye  as  to  accuracy,  — 

1.  A  scope  of  loelUdefined  vision  equal  throughout,  provided  the 
angles  under  comparison  be  the  same,  and  allowance  be  made  for 
external  obstacles  to  light. 

2.  A  distance  of  minutest  vision,  bemg  the  proximal  limit  of  accu- 
rate vision  generally. 

3.  An  habitual  scope  of  minute  vision,  much  dependent  on  external 
conditions,  and  more  distant  than  the  proximal  limit  of  accurate  vision. 
To  such  very  variable  distances  of  comfortable  minute-sight  the  images 
of  unknown  distances  are  referred,  to  reading-distance  in  a  micro- 
scope, say  8  inches.  The  culminating  sun  and  moon,  if  considered 
half  a  foot  in  diameter,  as  they  mostly  are,  being  |°  of  angle,  are  put 
at  about  60  feet  height,  the  height  of  trees  and  houses ;  if  considered  2 
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or  4  feet  diameter,  as  the  rising  moon  sometimes  is,  at  about  120  or 
240  feet,  —  distances  from  which  we  scan  such  buildings  and  houses. 
In  a  telescope,  the  moon,  though  magnified  and  more  distinct,  is  some- 
times imagined  as  the  contingent  part  of  the  objective  glass  (the  eye- 
piece being  too  near),  or  is  set  at  the  reading  distance  of  common  type. 
Astronomers  are  apt  to  assume  no  definite  idea  of  telescopic  size  at  all. 

4.  A  degree  ofacuteness  or  accuracy,  or  a  minimal  angle,  depen- 
dent on  the  aberrations  within  the  organ. 

In  binocular  vision  allowance  must  be  made  for  the  peculiarity  of 
each  eye,  and  their  co-operation,  the  effects  of  either  being  mutually 
superincumbent. 

n.    Visual  Judgment  of  Position. 

We  realize  the  existence  of  spaoe  by  movement,  made  conscious 
by  resistance  in  space,  through  touch.  The  sensation  of  muscular 
exertion  is  one  of  touch,  namely,  of  a  dull  pressure  in  all  the  muscles 
employed ;  hence  the  more  expanding  and  diminishing,  the  farther 
from  the  point  of  resistance.  Thus  we  know  of  locality  by  touch, 
because  perceptive  of  resistance. 

Taste  teaches  nothing  of  locality,  except  by  effects  of  pain  or  con- 
traction (pungency,  acridity,  astringency, — see  Proceedings,  1854,  p. 
249).  The  lingual  sense,  as  well  as  the  olfactory  and  auditory,  teaches 
us  nothing  about  space,  only  about  specific  sensations.  It  is  only 
touch  and  pain,  and  the  latter  hardly  otherwise  than  as  far  as  deter- 
minable by  touch  combined  with  motion,  that  teach  us  about  the  locali- 
ties of  the  other  specific  sensations.  We  think  we  taste  everything  in 
the  mouth,  where  we  have  organs  of  touch  and  motion,  while  the  greater 
part  of  it,  the  ^'  peculiar  fiaoors^^  are  perceived  at  a  few  inches'  dis- 
tance above  it,  in  the  nasal  organ.  Olfaction,  however,  though  essen- 
tially the  same  as  flavor-tasting,  we  place  pretty  correctly,  as  we  feel 
the  streaming  coolness  of  the  air.  Yet  we  place  it  about  an  inch  too 
external,  because  the  cool  air  and  the  fingers  do  not  reach  farther, 
and  it  is  they  (touch)  that  give  us  locality.  Things  taste  *'  delightful 
to  our  palate '' ;  while  tasting  we  move  the  gustative  tongue  along  the 
(hard)  palate,  which  itself  has  neither  a  gustative  nor  an  olfactory 
perceptiveness,  but  only  that  of  touch  or  localization.  We  do  not 
know  where  we  hear  the  sounds.  By  motions  (positions  of  the  head) 
we  ascertain  from  the  greater  or  less  intensity  of  sound  whence  it  pro- 
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ceeds,  but  oot  where  it  is  perceived.  A  soreness  at  the  faucal 
entrance  of  the  eustachian  tube  (connecting  with  the  middle  cavity  of 
the  ear),  we  place  in  the  external  ear,  near  the  tympanum,  just  beyond 
what  we  can  reach  with  the  tip  of  the  finger.  Each  organ  has  a  tac- 
titive  apparatus :  the  tongue  its  lips  and  muscles,  &c.,  the  nose  its  tip 
and  skin,  the  ear  its  conch  and  the  jQap  thereof,  —  pretty  sensitive  are 
those  appendages  as  lips  and  tips,  real  bolsters  of  taction,  —  and  the 
eye  has  its  lids,  lips  as  it  were,  its  very  sensitive  external  surface,  and 
its  muscles,  all  three  constituting  a  very  delicate  organ  of  touch,  and 
hence  of  locality,  harmonizing  with  all  ideas  of  space  acquired  by  the 
proper  organs  of  localization,  the  extremities. 

The  internal  parts  of  the  eye  have  no  tactitive  sensitiveness.  If  the 
optic  nerve  be  pinched,  it  answers  by  a  flash  as  of  lightning.  The  ret- 
ina, if  touched  by  the  pressure  of  a  finger  on  the  ball,  answers  by  a 
ring  of  light.  It  is  a  loccU  efifect.  Still  the  perceived  light  is  placed 
at  several  inches'  distance.  Therefore  our  visual  ideas  about  position 
are  only  a  function  of  judgment^  an  operation  of  the  mind,  not  of  the 
eye ;  and  the  mind  refers  it  so  as  to  harmonize  with  its  acquired  ideas 
of  space  as  given  by  taction.  Whereto  the  muscle  must  pull  and  the 
coi^netive  (the  sensitive  external  membrane  of  the  eye-front)  feels 
the  lids  gliding  along,  and  whereto  the  fingers  may  grope  both  the 
object  and  the  direction  of  the  ball,  thereunto  is  the  contingent  visual 
impression  referred.  How  we  would  refer  without  taction  is  a  vain 
question,  for  we  have  taction,  and  knoto  of  space. 

In  handbooks  of  physiology,  even  in  monographs,  we  almost  invari- 
ably meet  a  wonder  expressed  how  it  is  that  we  "  see  things  upright,'' 
whereas,  the  eye  being  constructed  like  a  camera  ohscura,  a  reversed 
image  is  projected  on  the  retina,  — ''  and  it  is  this  picture  we  per- 
ceive." Here  is  the  error.  The  idea  of  the  picture  consists  of  two 
things :  of  light-impressions  and  of  relations  of  space  (forms,  &c.). 
To  perceive  light  is  the  department  of  the  visual  nerve.  This  is  what 
we  perceive  of  the  "picture."  To  conceive  oi form  therein  is  the 
part  of  judgment  by  reference  to  space-consciousness,  touch.  We 
evidently  do  not  perceive  that  picture  at  all,  for  we  are  in  no  way  sub- 
jectively conscious  even  of  the  existence  of  our  retina,  much  less  of 
its  size.  We  continue  to  feel  even  as  the  child  does ;  our  looks  travel 
out,  and  glide  over  the  surfaces  we  view,  penetrate  into  distances, 
sweep,  return,  —  all  of  which  are  ideas  of  taction,  the  more  so  as  any 
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exertion  towards  the  visual  determination  of  distances  —  parallax  — 
is  felt  as  one  of  touch  (muscularly).  The  exertion  to  accommodate  to 
distances  is  the  effect  of  the  same  muscles,  and  the  turning  in  direc- 
tions per  se.  The  co-occurrence  of  certain  sensations  of  light  with 
certain  ideas  of  location  being  infallible,  and  the  real  connection  sub* 
jectively  unknown,  we  imagine  light-perception  to  be  localizing  or 
tactitive,  referring  two  facts  in  causal  connection  directly  together, 
just  as  any  two  points  can  be  connected  by  a  direct  or  straight  line. 
It  holds  good  until  the  moment  where  we  affect  the  retina  by  touch : 
here  we  see  an  incongruity  between  vision  and  touch,  one  that,  be 
it  well  remarked,  does  not  alter  in  the  least  our  ideas  about  the  loca^ 
tion  of  either  the  finger  or  the  organ,  but  of  the  light-effect,  —  we 
place  it  outside.  If  we  press  the  outside  of  the  ball,  the  fiery  ring 
will  appear  to  be  beyond  the  nose  at  four  or  five  inches'  distance,  and 
coincident  with  a  ring  produced  by  pressure  on  the  (correspondent) 
inside  of  the  other  eye,  beyond  the  nose,  placed  at  one  or  two  inches^ 
distance  from  its  actual  locality,  at  the  very  point  where  an  object  must 
be  put  to  make  light  incident  on  these  two  corresponding  parts,  pro* 
vided  the  nose  would  not  interfere,  which  it  does  however,  showing 
that,  even  where  they  cannot  possibly  co-operate,  two  retinas  are  made 
to  ^'  correspond,^'  after  the  general  plan.  Each  eye  refers  light  where 
touch  has  taught  us  light  proceeds  from*  If  persisting  awhile  with 
closed  eyes,  one  almost  succeeds  in  bringing  the  two  sensations  in 
direct  connection,  localizing  the  ring  unto  the  touch,  but  never  refer- 
ring the  touch  to  the  distance  the  ring  seemed  to  hold. 

That  to  the  retina  all  references  to  space  are  only  acquired  and  not 
absolute,  is  easily  proved  by  the  fact,  that  all  these  relations  can  be 
trained  to  their  very  reverse,  while  in  no  case  a  continued  incongru- 
ity between  our  present  and  former  spacial  consciousness  and  actions 
(motions,  6cc,)  takes  place.  Dressing  before  a  mirror,  we  change 
our  visual  relations  to  motions;  right  becomes  left,  &c. ;  and  if  you 
comb  your  hair  backward,  it  seems  to  go  absolutely  forward  in  the 
glass.  Still  the  practice  of  reversing  the  relation  is  so  soon  acquired, 
that  we  do  it  unconsciously.  On  turning  away  from  the  instrument, 
whether  glass,  microscope,  or  telescope,  we  have  only  to  reverse  the 
practice  of  our  eye-muscles  in  relation  to  the  others,  which  makes  the 
eye  spin  for  a  moment,  and  their  instability  causes  vertigo,  an  incon- 
gruency  between  the  tactive  effects  of  gravitation  and  a  customaiy 
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rel&tton  of  one  set  of  muscles  to  the  others.  Resistaoce  caused  by  grav- 
itation regulates  our  ideas  about  up  and  down,  the  only  fixed  starting- 
point  of  space  we  have.  Thus  the  eye,  as  a  whole,  is  not  only  a  visual, 
but  also  a  tactile  organ,  in  this  combination  more  delicately  so  than 
the  rest,  localizing  the  sensations  of  its  visual  apparatus.  The  gpe* 
eific  sense  of  the  eye  is  luminosity  ^h\i\  sight  is  a  co-operative  function 
of  two  ^  as  taste  is  of  three  senses. 

Blind-bom  persons  acquire  a  most  accurate  tactile  knowledge  of 
space.  On  receiving  eyesight^  they  immediately  refer  visual  impres- 
sions as  we  do,  and  upside  remains  safely  upside,  because  all  light- 
impression  is  localized  by  application  to  touch. 

That  we  have  in  our  retina  no  actual  or  revcVsed  knowledge  of  up- 
side and  downside  is  proved  by  standing  on  the  head,  thus  reversing 
the  retina,  while  our  ideas  about  up  and  down  remain  exactly  the  same. 

If  we  had  any  knowledge  of  actual  size  on  ovr  retina^  its  impres- 
sions would  be  in  a  perpetual  conflict  with  actual  sizes  of  touchy 
which  is  not  the  case.  That  we  have  not  is  also  shown  by  the  experi- 
ment of  looking  through  a  magnifying  lens,  and  drawing  with  the 
other  eye  an  outline  to  coincide  with  the  magnified  image ;  although 
coincident^  hence  equal  in  angle  and  retinal  extent,  still  the  sketch 
may  seem  three  times  lai^r,  because  three  times  nearer  than  the 
habitual  distance  assumed  in  the  microscope.  The  two  impressions 
are  not  recognized  to  be  equal  in  size,  although  their  ''  pictures  on 
the  retina  '*  are,  one  factor  of  our  judgment  of  size,  tactile  distance, 
being  diflerent. 

Hence  the  only  faculty  we  need  assume  for  the  retina  is  an  empirical 
knowledge  of  the  relative  retinal  subtensions  of  angles,  or  power  of 
empirically  identifying  certain  retinal  distances  (sizes)  with  certain  dif- 
ferences of  direction  taught  by  touch.  This  would  suppose  that  in  the 
organ  certain  directions  were  in  immediate  relation,  or,  as  it  were, 
identification  with  certain  points  of  the  retina.  This  would  require 
organs  in  immediate  connection  with  the  retina,  each  having  a  direc* 
tion  of  its  own,  and  by  it  a  physical  action  on  the  part  in  question,  so 
as  to  refer  to  it  individually.  It  would  require  millions.  And  so  we 
find  it:  the  bottom  of  the  transparent  retina  is  paved  with  myriads,  as 
it  were,  of  parabolic  mirrors  of  very  minute  size,  their  mouths  toward 
the  centre,  their  axes  in  radial  positions.  It  is  the  deepest  or  most 
peripheric  stratum  of  the  retina  itself,  the  so-called  **  cylindric  bodies,'' 
23 
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conoid  crystalline  bodies  severed  from  their  darkly  pigmented  matrix 
by  a  coating  of  a  yellowish  oil,  which  constitutes  the  concave  mirror. 
Some  have  claimed  these  crystalline  elements  as  the  seat  of  luminous 
sensitiveness. 

Thus  an  identification  of  retinal  parts  with  directions  and  their  dif- 
ferences, angles,  may  be  acquired.  This  done,  sizes  may  be  judged 
by  the  application  of  angles  to  tactile  (feeling  and  convergent)  dis« 
tances,  and,  vice  versa^  distances  by  the  angles  of  sizes  tactually  as- 
certained, which  would  seem  sufficient  to  explain  all  the  phenomena 
in  question. 

III.     On  Subjective  Color-Effects^  and  their  Relations. 

Every  impression  of  light  or  color  disposes  the  eye  to  produce  the 
sensation  of  its  complementary  light  and  color  as  soon  as  withdrawn 
from  the  former  influence.  Gazing  in  the  direction  of  a  red  surface 
suspended  on  a  white  wall,  when  the  red  sheet  is  dropped,  a  green 
configuration  appears  in  its  place.  Yellow  produces  lilac  or  purple ; 
blue,  orange ;  and  vice  versa.  The  phantom  or  subjective  complemen- 
tary effect  will  endure  some  time,  according  to  the  strength  of  the 
impression.  Dwelling  on  a  colored  surface,  namely,  perusing  it  m 
divers  directions,  the  impressions  along  the  margins  will  be  alternately 
mixed  with  the  adjoining  colors,  while  the  impression  of  the  centre 
remains  uniform,  hence  becomes  most  intensified  by  duration,  and 
therefore  will  produce  the  most  enduring  complementary  efilect; 
hence  the  phantoms  of  a  uniformly  colored  surface  will  commence 
vanishing  by  the  margins,  while  the  centre  endures,  and  the  waning 
phantom  will  present  a  rounded  appearance. 

Pink  casting  its  light  upon  a  face  will  improve  the  incarnation.  As 
the  cheeks  slope  downward,  a  pink  neck-ribbon,  e.  g.  of  a  bonnet,  will 
answer  the  purpose.  Let  it  not  be  too  large,  or  too  intense,  or  else 
the  rest  of  the  face  will  suffer  by  the  contrast.  Contrast  is  produced 
by  the  repeated  superincumbency  of  the  phantom  or  complement  of 
the  other.  Green  trimmings  in  the  upper  part  of  a  small  bonnet  will 
cause  a  green  reflection  on  the  receding  and  shadowy  parts  on  the 
head,  hence  produce  a  heightened  pink  in  the  front  and  lower  part,  by 
contrast.  Green  reflected  on  the  incarnate  skin  will  make  it  look 
whiter  and  marble-like :  green  may  be  reflected  on  the  forehead,  pink 
on  the  cheeks,  from  below.    Bathing  in  the  blue  waters  of  a  Swiss 
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lake  makes  the  skin  appear  of  a  shining  white,  by  absorption  of  the 
yellow  rays  in  incarnation.  A  change  of  color  may  be  produced 
either  by  addition  of  colored  light,  —  by  reflection  of  real,  or  by  addi- 
tion of  subjective  contrast-colors,  —  or  by  subtraction  of  certain  rays 
by  a  colored  screen. 

Dwelling  with  the  eye  on  surfaces,  the  effects  and  counter-effects 
are  strongest  in  the  centres ;  hanging  on  along  margins,  they  heighten 
each  other  up  to  greater  brilliancy,  to  the  detriment  of  the  centres, 
that  appear  obscured.  The  brilliancy  and  soulfulness  of  colors  is 
chiefly  the  result  of  those  magic  hues  dwelling  within  the  vitality  of 
the  organ  itself,  in  the  living  contemplation.  Hence,  in  painting,  the  ' 
great  object  must  be  to  direct  the  eye  so  as  to  cause  the  desired  effect. 
The  masterpieces  of  the  master-painter,  Raphael,  have  always  been 
admired  for  these  effects,  aside  from  their  other  merits.  If  these  effects 
were  physiologically  as  well  understood  as  they  are  intuitively  appre- 
ciated, we  should  probably  not  see  such  very  imperfect  copies  in  either 
color  or  engraving.  In  his  own  portrait,  in  the  Louvre,  the  extreme 
indistinctness  of  outlines  is  remarkable.  It  is  like  gazing  at  a  face 
with  two  eyes  and  dilated  pupil,  without  coaptating  or  accommodating 
the  look  of  pathos  and  feeling ;  and  the  features  become  impressed 
only  from  dwelling  on  the  whole  at  once,  as  it  were  joining  regions  to 
regions,  and  not  lines  to  lines :  thus  the  effects  of  color  become  those 
of  heightened  centres,  instead  of  margins.  N9  better  study  of  this 
can  be  aflbrded  than  in  his  Madonna  di  Sisto,  where  the  vision  of  the 
Virgin  with  the  child  is,  by  this  delineation  in  tints  and  shades,  put  in 
a  most  eflective  contrast  with  the  figures  of  reality  at  either  side,  Six- 
tus  and  St.  Barbara.  The  beauty  of  the  latter  is  comparatively  soon 
conceived,  as  it  were,  by  being  drawn  in  distinct  outlines,  —  the  easy 
way-guides,  —  and  ever  exchanged  for  the  absorbing  contemplation 
of  the  visionary  figures  that  "  fetter  "  the  gaze,  no  less  by  the  diffus- 
edness  of  design  that  causes  the  eager  eye  to  infuse  its  own  floating 
colors  from  part  to  part,  from  tint  to  tint,  than  by  the  sublimity  of  the 
conception.  A  similar  effect  of  mellowness,  to  "  absorb,"  without 
however  aflbrding  that  brilliancy  of  color,  is  perceptible  in  several 
Murillos.  The  subjective  colors  may  be  said  to  be  waking  dreams  of 
the  eye,  —  hence  "  entrancing." 

It  seems  that  the  phantoms  appear  more  perceptibly  if  projected  on 
a  background  out  of  focus,  and  thus  become  more  active  at  each 


268  B.    CHEMISTRY    AND    NATURAL    HISTORY. 

change  of  focus.  If  from  an  illuminated  part  the  eye  passes  over  a 
depth  in  the  perspective,  into  which  it  does  not  enter,  as  in  the  re- 
cesses of  a  bouquet,  or  the  like,  the  phantom  of  the  last  impression  will 
hover  over  that  extra-focal  background,  not  only  showing  that  extra- 
focal  ity  to  exist,  but  also  by  contrast  heightening  the  impression  last 
received.  Lively  contrasts  are  indicative  of  proximity.  Thus  the 
hovering  obtuse  counter-blot  serves  to  indicate  perspective  by  a  double 
agency :  by  relieving  the  foreground,  and  by  indicating  a  change  of 
depth  ;  besides  this,  they  serve  artificially  to  correct  the  material  im- 
perfection of  color  in  the  material.  These  effects  are  largely  used  in 
painting,  although  quite  empirically,  in  order  to  produce  perspective 
against  the  consciousness  of  the  flatness  of  canvas,  continually  real- 
ized  by  the  coaptation  of  the  triangulating  eye-axes,  and,  like  all  such 
auxiliaries  to  artificial  perspective,  require  to  be  somewhat  exagger- 
ated, or  set  down  more  forcibly  than  commonly  found  in  nature.  As 
these  effects  are  entirely  dependent  on  the  succession,  duration, 
and  alternation  of  parts,  they  are  expressive  of  the  whole  mode  of 
contemplation  of  the  artist,  who,  aAer  having  finished  tlie  details,  will 
stand  aside,  obliquely  scanning  the  whole,  and,  impressed  with  the  ef- 
fects as  he  subjectively  perceives  them,  will  set  these  finishing-touches^ 
teaching  the  eye  where  to  roam,  where  to  rest,  what  parts  to  take  as 
masses,  what  in  detail,  what  order  to  follow,  and  where  to  centre. 
They  are  the  expression  of  the  genius,  the  power,  and  the  whole  indi- 
viduality of  the  inventor.  His  work  speaks  to  you,  as  you  make  any- 
thing in  nature  speak  to  you  af\er  your  subjective  fashion.  The  copy- 
ist and  the  feeble  put  no  such  touches,  if  not  themselves  impregnated 
with  the  same  spirit.  A  natural  flower  speaks  to  you  as  a  unit,  as  an 
entity.  The  most  exact  copy  by  a  fair  hand  will  remain  a  delicate 
and  exact  copy  of  what  she  has  distinguished,  but  too  frequently 
lacks  the  power  of  individuality,  while  a  strongly  characterized  repre- 
sentation needs  no  very  detailed  execution.  For  the  ultimate  end  of 
art  is  the  psychic  impression. 

We  would  here  speak  of  the  effects  of  oblique  vision,  or  **  sheep's 
eyes  "  (German  schief^  =  oblique).  It  is  known  how  works  in 
colors  and  extensive  prospects  are  scanned  "  askance^'*  i.  e.  with 
th^  eye-axes  strongly  deflected  from  the  forward  direction.  It  is 
chiefly  done  by  inclining  the  head  sideward,  and  not  facing  the 
object  directly.     A  very  remarkable  luminosity  and  softness  (fusion) 
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of  colors  is  the  immediate  effect,  while  the  details  of  form  are  also 
fused,  hence  less  individualized  and  distinct  It  has  been  frequently 
noted  as  taking  place  when  looking  through  the  spread  legs.  I  have 
found  it  to  take  place  invariably  at  every  deflection  of  the  optic  axis. 
Looking  through  the  legs  toward  the  sky  is  deflecting  the  axis  towards 
the  infra-orbital  margin.  One-eyed  persons  will  look  at  things  and 
persons  the  same  way,  —  it  seems  to  increase  the  perception  of  light. 
Turning  the  eyes  (not  the  head)  upwards,  produces  the  same  effect,  in 
each  case  not  momentary,  but  enduring  with  the  position,  and  in  di- 
rect proportion  more  intense  the  greater  the  deflection.  It  can  easily 
be  tested  by  facing  a  sunset,  with  the  eyes  fixed  on  it^  turning  the  head 
or  the  whole  body  around  the  vertical  axis.  The  more  you  turn,  the 
higher  is  the  flush,  that  alternately  fades  down  as  you  come  to  face 
that  part  directly  forward.  It  also  takes  place  in  exercising  a  pressure 
on  the  front  of  the  eyeball,  and  also  when  the  pupil  is  dilated,  as  on 
suddenly  awaking  in  the  night,  or  emerging  from  a  light  room  into 
darkness.  Awaking,  the  eye  is  most  sensitive,  and  the  pencil  of  light 
admitted  very  great  Strong  light  also  facilitates  sneezing,  Man  and 
beast,  if  in  distress  for  a  sneeze,  will  squint  as  obliquely  as  possible  at 
the  strongest  luminary  available.  By  looking  askance,  a  greater  mass 
of  light  seems  to  become  available  on  a  sensitive  part. 

The  stronger  and  more  uniform  the  impression  of  a  color,  the  less 
distinct  the  outlines,  the  stronger  are  the  mutual  effects  of  contrast. 
The  eflect  on  the  landscape  is  really  wonderful  in  an  Alpine  coun* 
try,  whore  on  an  eminence  one  overlooks  all  the  landscapes  and  dis- 
tances contained  within  say  fifty  miles,  especially  near  sunset,  where 
the  coloredness  of  the  light,  and  the  diversity  of  its  colors,  add  to  the 
individualization  of  each  part  of  the  prospect  by  its  proper  illumination 
and  atmospheric  conditions.  The  orange  glow  of  the  setting  sun  will 
produce  a  "  humid  '^  twilight  over  the  shadowy  lake,  and  a  *'  deep 
entrancing  blue  ^'  on  the  craggy  silhouette  of  the  chain  behind  which 
it  sinks,  and  on  the  bluish  spruce-tree,  through  whose  chinks  it  beams 
in  all  the  splendor  of  one^s  own  beams  and  splinters  in  the  eye  (lens). 
The  haze  of  each  separate  distance  will  appear  greenish,  brownish, 
purplish,  by  a  common  fusion  of  its  lights  in  the  sof^  haze  of  its 
atmosphere,  and  by  the  aberration  and  fusion  of  rays  within  the  de* 
fleeted  eye,  the  small  objects  being  absorbed.  No  adaptation  taking 
place,  the  whole  prospect  looks  *^  as  if  painted,*'  as  if  breathed  into  the 
23* 
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sky ;  also  from  a  gentle  feeling  of  vertigo  resulting  from  the  exortion 
of  the  eyes  to  keep  the  horizontal  line. 

What  may  be  the  cause  of  these  phenomena  ?  —  dispensing  awhile 
with  ^*  efiect  of  imagination,^*  ^*  attention,'*  and  the  like,  as  we  hare 
to  do  with  sensuous  phenomena,  and  not  with  thoughts  and  feelings, 
their  centre  and  destination. 

What  is  the  common  characteristic  of  the  phenomena  ?  Intensity 
of  luminosity,  and  deficiency  in  ocular  touch,  form.  The  former 
must  have  its  cause  in  a  heightened  light-efifect,  the  latter  in  a  change 
of  form.  Light-effects  are  heightened  by  an  increased  pencil  of  light, 
by  increased  contrast,  and  by  greater  nervous  sensitiveness.  The 
latter  we  must  reserve  for  the  last,  being  the  least  sensibly  objective, 
the  most  psychic  relation  of  sensation,  and  we  must  commence  with 
the  physical.  The  consideration  of  indistinctness  of  form  is  still  more 
physical  among  the  efiects.  But  the  most  physical  is  the  first  phys- 
ical cause.  This  consists  in  a  change  of  positions.  In  dilatation  of 
die  pupil  in  the  position  of  the  iris.  It  admits  more  light,  hence 
greater  intensity  in  the  focus,  and,  as  to  form,  a  greater  dispersion 
and  fusion,  a  part  of  it  passing  through  lateral  parts  of  the  lens.  In 
the  other  cases,  the  common  characteristic  is  a  change  in  pressure. 
Pressure  itself  (uniformly  exercised)  has  no  such  effect,  as  in  accom- 
modaticm  for  proximity  the  luminosity  is  not  greater,  nor  vision  less 
defined.  Whatever  distances  are  out  of  focus  appear  with  a  fusion  of 
color,  without  any  particular  heightening,  as  is  naturally  to  be  expected 
from  the  diffusion  of  rays,  but  on  parts  of  the  retina  less  sensitive,  as 
lateral  objects  seem  to  appear  less  defined  in  form  and  color.  The 
ball  being  elastic,  pressure  changes  its  form  more  or  less.  The  eye 
turned  aside,  the  muscle  on  that  side  exercises  probably  no  compres- 
sion at  all  (at  most  by  its  own  increased  thickness),  its  sinew  being  no 
more  spanned  over  the  convexity  of  the  eyeball,  while  on  the  oppo- 
site side  the  pressure  must  be  somewhat  increased  by  the  tension  of 
the  muscle,  and  its  application  on  a  greater  arc.  The  result  roust  be 
a  slight  distortion,  in  the  rear,  towards  the  contracted  muscle.  The 
transverse  eye-muscles,  being  inserted  tangentially,  will  have  but  little 
influence  by  their  effort  to  preserve  the  horizontal  line.  Such  a  dis- 
tortion will  cause  the  optic  centre  of  the  retina  to  obtain  an  obliqiu 
^siiiofiy  and  perhaps  even  the  optic  axis  will  turn  a  little  aside  of  it. 
Tlie  optic  axis  being  obliquely  incident,  only  one  point  can  be  in  focas^ 
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all  the  rest  extra-focal,  intercepting  the  pencils  more  or  less  before  or 
behind  the  focus.  This  will  produce  a  fusion  of  rays  and  forma. 
The  central  intensity  will  sweep  a  greater  number  of  elements,  al- 
though each  with  a  smaller  pencil,  and  this  may  be  a  cause  of  the 
greater  intensity  of  light,  our  given  experience.  Also  the  reflect- 
ing coating  of  the  cylindric  bodies,  the  minute  conical  mirrors,  are 
struck  laterally  and  one-sidedly  instead  of  in  their  axes,  and  perhaps 
this  might  afford  an  explanation.  The  exact  construction  and  the  lo- 
cality of  sensation  being  as  yet  unknown,  all  being  parts  of  the  retina, 
this  very  fact  of  increased  luminosity  may  lead  to  the  determination 
of  the  sensitive  locality,  which  must  be  sought  at  the  point  where  in 
oblique  incidence  more  light  is  collected,  or  where  the  sums  of  light- 
effects  are  increased  hy  obliquity. 

In  reading,  hence  in  typography,  the  dazzling  or  confusing  effects  of 
intersection  by  phantoms  ought  to  be  considered.  Parallel  duU 
ground-lines,  of  about  equal  bulk  with  the  white,  and  somewhat  knobbed 
at  the  end,  are  most  suitable.  All  oblique  lines,  as  in  v,  w,  x,  aa 
well  as  curved  and  tapeifing  lines,  as  in  bowed  letters,  all  recurved 
lines,  and  all  fine  bristles,  ought  to  be  avoided.  The  distinctive  char- 
acter of  all  letters  ought  to  be  at  the  same  level,  but  easily  to  be  rec- 
ognized by  means  of  their  more  bulky  dependencies.  Old  English, 
and  the  small  letters  of  German  type,  according  to  experience,  are 
least  afecting  to  irritable  eyes,  and  eyes  generally. 


272  C.   PRACTICAL   SCIENCE, 


C.    PRACTICAL    SCIENCE. 

ENGINEERING. 

1.  On  the  Use  of  Salt-Marsh  Sods  for  facino  the  Steef 
Slopes  of  Parapets,  Terraces,  etc.  By  Lietttenant  E.  B. 
Hunt,  U.  S.  Corps  of  Engineers. 

Along  our  Northern  seaboard,  and  especially  on  our  New  England 
coast,  there  are  numerous  and  extensive  salt  marshes,  which  are  over- 
grown with  a  very  thick  turf  of  marsh  grass.  They  are  usually 
alternately  overflowed  and  left  dry  by  the  rising  and  falling  tide.  The 
grass  with  which  they  are  covered  is,  so  far  as  I  have  observed,  chiefly 
of  three  varieties.  The  coarsest  or  sedgy  grass  is  found  in  those 
parts  which  are  most  deeply  covered  by  the  tide-water,  and  is  much 
less  thickly  set  on  the  surface  than  the  others.  I  am  inclined  to  think 
that  this  may  be  but  the  eel-grass  of  deeper  water,  slightly  changed 
by  rising  out  of  the  water.  The  second  variety  is  that  commonly 
known  as  *^  fox  marsh  ^'  grass,  and  is  quite  fine  and  thick,  of  a  lightish 
green  tint,  and  uniform  in  character.  The  third  variety,  known  as 
^'  black  marsh  "  grass,  grows  on  land  which  is  wet,  but  not  usually 
flooded,  and  is  of  a  much  darker  and  richer  shade  of  green  than  the 
others.  Fox  and  black  marsh  hay  is  much  used  for  packing  ice,  &c., 
for  which  it  commands  quite  a  remunerating  price.  The  effect  of 
draining  is  said  to  be,  that  the  coarse  grass  is  replaced  by  fox  marsh, 
and  this  in  turn  by  black  marsh.  The  fox  and  black  marsh  are  said 
to  require  rains  for  their  healthy  growth,  and  to  be  affected  by  droughts 
even  when  rooted  in  salt  water. 

If  the  turf  of  either  of  these  three  varieties  be  cut  into,  it  will  be 
found  to  consist  almost  entirely  of  a  compact  mass  of  fine  roots,  the 
roots  of  the  coarse  grass  being  larger  and  less  tenacious.  The  color 
of  the  turf  grows  darker  in  descending,  and  the  toughness,  which  is  a 
maximum  on  the  surface,  decreases  with  the  depth,  until,  at  the  depth 
of  about  two  feet,  the  fibrous  structure  loses  its  predominance,  and  the 
material  becomes  mucky  and  deficient  in  strength.  Below  this  it  is  a 
true  peat,  with  more  or  less  impurities,  according  to  its  locality.    The 
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section  is  what  might  he  anticipated  from  knowing  that  this  peat  is  a 
gradual  result  from  the  decay  of  the  lower  roots,  and  that  a  surface 
growth  of  vegetation  is  the  origin  of  the  entire  bed.  The  sod  itself 
has  a  great  degree  of  strength,  elasticity,  and  durability.  It  is  like  a 
sponge  in  its  absorption,  and  in  its  recovery  of  shape  when  compressed, 
if  the  roots  are  not  broken.  Taken  on  to  dry  land,  it  loses  a  large 
part  of  its  weight,  from  the  drying  out  of  its  water.  In  good  locali« 
ties,  sods  can,  without  difficulty,  be  got  out  as  much  as  eighteen  inches 
deep,  and  strong  enough  to  bear  pretty  rough  handling  without  injury. 
The  roots  are  partly  macerated  at  the  first,  but  drying  removes  this, 
and  adds  greatly  to  their  strength. 

With  the  sanction  of  the  Chief  Engineer,  I  have  during  this  season 
applied  these  sods  for  facing  the  breast-height  slope  of  over  1,000  feet 
of  battery  crest  at  Fort  Adams,  Newport  Parapet  breast-heights,  or 
interior  slopes,  are  generally  built  with  masonry  walls  to  within  eigh* 
teen  inches  of  the  crest,  and  the  remainder  consists  of  a  slope  which  it 
is  desirable  to  have  as  steep  as  one  base  to  three  vertical.  It  has  proved 
impossible  to  make  any  common  grass  sodding  which  would  stand  on 
these  slopes,  nor  has  any  satisfactory  construction  yet  been  found  for 
this  case,  unless  it  be  by  the  use  of  salt^maish  sods.  After  careful 
observation,  there  seems  to  be  every  reason  to  hope  that  they  will  per- 
fectly meet  the  demands  of  this  construction.  On  Fort  Adams  alone 
there  is  an  extent  of  over  two  miles  of  such  crest,  whence  its  impor- 
tance is  apparent. 

These  sods  were  used  for  building  a  parapet  of  a  fort  at  Gloucester, 
Mass.,  during  the  war  of  1812,  and  General  Totten  thus  employed 
them  in  various  instances  at  that  time.  On  seeing  the  Gloucester  par* 
apet,  in  1850, 1  was  struck  with  its  excellent  preservation,  and  indeed 
I  think  it  has  lasted  decidedly  better  than  rough  masonry  would  have 
done  in  its  place.  There  is  one  great  difference  between  this  con- 
struction and  that  of  Fort  Adams.  At  Gloucester  the  sods  are  cut  thin, 
and  laid  with  their  edges  to  the  face ;  at  Fort  Adams  the  sods  are  from 
twelve  to  fifteen  inches  thick,  and  laid  on  their  edges,  with  the  grass 
facing  outwards.  I  have  been  told  that  in  Ireland  field  walls  for  fences 
are  made  by  cutting  these  sods  in  small  blocks,  and  laying  them  up, 
grass  outwards,  on  each  face,  filling  between  the  roots  with  bits  of  sod, 
and  covering  the  whole  with  loam.  The  sods  are  cut  from  trenches 
along  the  wall,  and  the  top  of  the  wall  is  planted  with  vegetables.    It 
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is  found  that  the  grass  continues  to  grow  on  the  sides,  and  the  walls 
themselves  are  said  to  be  very  durable.  The  poor  cottages  with  peat 
walls  which  prevail  in  some  parts  of  Europe  also  illustrate  this  dura- 
bility. The  well-known  antiseptic  property  of  peat  is  evidently  closely 
related  to  this  durability  of  salt-marsh  sods. 

The  mode  in  which  work  has  proceeded  in  facing  the  Fort  Adams 
breast-heights  is  this.  The  fox  marsh  sods  are  cut  with  a  long  hay-knife, 
by  plank  guides,  into  blocks  eighteen  inches  square,  and  from  twelve  to 
fifteen  inches  deep.  They  are  moved  by  hand-barrows,  and  are  boated 
to  the  work.  The  breast-height  wall,  being  cleared  and  its  top  plas- 
tered and  asphalted  with  a  heavy  brush  coat,  is  furnished  with  slope 
guides  of  six  inches  base  to  eighteen  inches  vertical.  The  precise  angle 
to  which  each  sod  should  be  cut  is  measured  by  a  bevel  square,  and 
applied  on  a  side  of  the  sod,  which  is  then  pared  to  the  required  bed 
by  means  of  a  long  two-handled  knife.  It  can  be  cut  with  great  neat- 
ness, and,  by  successive  trying  and  trimming,  the  joints  are  made 
nearly  perfect  for  the  entire  depth.  The  sod  is  placed  on  its  edge, 
and  slightly  projecting  over  the  wall,  as  a  roof  to  its  exposed  angle. 
It  is  then  compressed  by  means  of  a  lever  and  plank,  so  as  to  thor- 
oughly close  the  joints,  and  to  prevent  any  opening  from  drying. 
Having  laid  a  line  of  sods  in  this  manner,  they  are  backed  with  earth, 
and  covered  with  common  sods,  which  by  guttering  the  back,  are 
doubled  over  to  form  a  little  over  an  inch  of  the  face  slope.  Thus  only 
grass  is  seen.  It  is  already  apparent  that  the  marsh  grass  will  continue 
to  grow,  and  that  the  fox  grass  will  become  black  grass.  The  construc- 
tion has  very  great  solidity,  and  can  hardly  fail  to  stand  unimpaired 
for  a  long  time.  Its  military  qualities  as  a  parapet  cap,  and  for  em- 
brasure cheeks,  are  admirable,  as  it  is  free  from  stones,  and  cannot 
scatter  fragments  when  struck  by  a  ball. 

As  the  availability  of  these  sods  for  various  constructions  seems 
not  to  be  much  known,  I  have  thought  it  might  be  of  some  general 
use  to  lay  before  the  Association  this  notice  of  a  strictly  professional 
construction.  It  has  seemed  to  me  unquestionable  that  these  sods 
could  be  in  many  instances  advantageously  used  for  facing  terrace 
slopes^  where  the  height  is  not  great,  and  when  a  lack  of  space  makes 
steep  slopes  desirable.  Thousands  of  New  England  cottages  which 
have  or  need  terrace  slopes  are  within  striking  distance  of  marsh  sods. 
By  laying  two  or  three  depths  of  sods  on  masonry  principles,  quite 
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high  facings  could  be  made,  with  slopes  of  one  base  to  three  vertical, 
on  which  a  rich  coating  of  black  marsh  grass  would  almost  surely 
grow,  if  the  sods  were  cut  in  the  spring ;  or,  if  desired,  the  sods  could 
be  laid  with  the  edges  outward,  making  a  brownish,  regular  wall. 
This  application  is  one  which  I  have  never  seen  or  heard  of,  but  I  am 
80  confident  of  its  advantages  in  many  cases,  that  I  do  not  hesitate  to 
recommend  its  trial. 

The  species  of  sod-fence  before  described  must,  I  imagine,  be  of 
great  value  in  some  localities  where  timber  is  costly,  and  it  seems  de- 
serving of  the  attention  of  those  interested.  There  is  another  appli- 
cation,  which  I  have  never  heard  of  or  seen,  but  which  seems  to  me 
yfery  promising.  This  is  in  the  construction  of  blind  drains.  The 
walls,  bottom,  and  top  of  a  drain  could,  with  much  facility,  be  built 
of  such  marsh  sods.  The  sod  edges  would  form  good  drain  walls, 
and  they  would  doubtless  suffice  for  some  open  drains.  They  would 
present  the  great  advantage  over  stone  of  giving  free  passage  for  wa- 
ter through  their  masses.  They  could  readily  be  cut  so  as  to  be  used 
for  stairs  in  terrace  slopes,  and  elsewhere.  They  would  also  form  a 
durable  bordering  for  walks.  By  laying  them  grass  downwards,  and 
smoothing  the  root  faces,  they  would  make  a  footpath  or  sidewalk  of 
great  softness,  elasticity,  dryness,  and  permanence.  A  dike  over  a 
marsh  at  Newport,  built  of  sods  cut  along  its  base,  has  stood  in  good 
order  as  a  footway  for  some  five  years.  They  have  also  been  used 
for  filling  in  wooden  wharves  at  Newport,  where  they  stand  the  wash 
perfectly.  There  are,  doubtless,  many  other  such  uses,  which  inge- 
nuity would  soon  discover,  should  attention  be  thus  directed.  When 
we  remember  that  India-rubber  was  for  many  years  only  known  as  a 
means  of  erasing  pencil-marks,  and  that  gutta-percha  was,  until  very 
recently,  only  used  for  axe-handles,  we  shall  be  inclined  to  study  new 
applications  of  old  materials  in  a  very  hopeful  spirit. 
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The  following  papers  were  presented,  and  most  of  them  were  read, 
but  no  copy  of  them  has  been  furnished  for  publication :  — 

I.    MATHEMATICS  AND  PHYSICS. 

1.  On  the  Mean  Distance  from  the  Sun,  Inclination  of  Or- 
bit, AND  Equatorial  Character  of  the  Asteroid  Planet- 
By  Professor  Stephen  Alexander, 

2.  On  the  Physical  Phenomena  presented  during  the  Solar 
Eclipse  of  May  26,  1854.    By  Professor  Stephen  Alexander. 

3.  Some  Additions  to  the  New  Method  of  Astronomical 
Observations  in  R.  Ascension  and  in  Declination.  By  Pro- 
fessor O.  M.  MiTCHEL. 

4.  On  Binocular  Vision.    By  Professor  W.  B.  Rogers. 

5.  On  the  Winds.    By  Captain  Charles  Wilkes. 

6.  On  the  Zodiacal  Light.    By  Rev.  George  Jones. 

7.  On  the  Colored  Projections  from  the  Edge  op  the  Sun,  as 
observed  during  Solar  Eclipses.   By  Professor  Joseph  Hbnrt. 

8.  The  Effect  of  the  Gulf  Stream  on  the  Temperature  of 
the  Atlantic  Coast.    By  Dr.  James  Wynne. 

IL    CHEMISTRY,  NATURAL  HISTORY,  AND  GEOLOGY. 

9.  On    the    Method   of   analyzing   the   Sulphate,   Arsenate, 

AND   MOLYBDATE    OF   LeAD.      By   PROFESSOR  J.  LaWRENCE   SmITH. 

10.  On  some  Arrangements  to  facilitate  Chemical  Manipu- 
lations.   By  Professor  R.  E.  Rogers. 

11.  Notice  of  Remarkable  Specimens  of  Crystallized  and  Ar- 
borescent Gold,  from  California.    By  W.  P.  Blake. 

12.  On  the  Deposits  of  Fossil  Microscopic  Organisms  at  Mon- 
terey, California,  with  Specimens.    By  W.  P.  Blake. 

13.  Notes  upon  the  Geology  and  Mineral  Association  of  the 
Cinnabar  Sulphubet  of  Mercury,  of  New  Almaden,  Cal., 
WITH  Specimens.     By  W.  P.  Blake. 

14.  On  THE  Stratagraphical  Position  of  the  Coal-bearing 
Rocks  below  the  Upper  Red  Shale  and  Carboniferous  Lime- 
stone of  the  Middle  and  Southern  States.  By  Professor 
William  B.  Rogers. 
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15.  On  the  Configuration  of  the  Soil  of  New  England.    By 

PSOFESSOR  A.    GuYOT. 

16.  On  the  Occurrence  of  Peoboscidon  Remains  in  Wisconsin, 
By  Edward  Daniels.    • 

17.  On  the  Character  of  the  Lead  Deposits  of  the  Upper 
Mississippi.     By  Edward  Daniels. 

18.  On  the  Occurrence  of  Silicious  Grits  as  Veinstones  in 
the  Lead  Mines  of  Wisconsin.    By  Edward  Daniels. 

19.  Some  Observations  on  the  Northern  Outcrop  of  the  Illi- 
nois Coal  Formation.    By  Edward  Daniels. 

20.  Contributions  to  our  Knowledge  of  the  Geology  of  Ne- 
braska AND  THE  Mauvaises  Terres.    By  Professor  James  Hall. 

21.  Notes  upon  the  Genus  Graptolithes.  By  Professor  James 
Hall. 

22.  On  the  Development  of  the  Septa  in  the  Genus  Bacu- 
lites,  from  the  extreme  Young  to  the  Adult  State.  By 
Professor  James  Hall. 

23.  On  some  Effects  produced  by  the  Trap  on  the  adjoining 
LiAsiG  Rocks  of  Virginia.    By  Professor  W.  B.  Rogers. 

24.  Notes  on  the  Geology  of  Western  India.  By  Rev.  Eben- 
EZER  Burgess. 

25.  Remarks  on  the  Geological  Formation  of  Table  Moun- 
tain, Cape  of  Good  Hope.    By  Rev.  Ebenezer  Burgess. 

26.  On  the  Metamorphic  Rocks  of  Nahant,  Mass.  By  Profes- 
sor Louis  Agassiz. 

27.  On  Gradation  among  Polypi.    By  Professor  Louis  Agassiz. 

28.  On  the  System  of  Zoology.     By  Professor  Louis  Agassiz. 

29.  Notes  on  the  Nature  of  the  Coverings  op  the  Seeds  op 
Magnolia,  and  on  the  Dkecious  Character  of  Species  of 
Plantago.    By  Professor  A.  Gray. 

30.  Motions  effected  by  Plants  result  from  the  Contrac- 
tions OF  Cells.     By  Professor  A.  Gray. 

24 
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31.  On  the  Pbobabilitt  of  a  Decline  in  the  Peoduction  of 
Gold.    By  J.  D.  Whitney. 

32.  On  the  Big-root  of  California,  a  new  Genus  of  Cucurbi- 
TACEJB  (Megarrhiza).    By  Professor  John  Torret. 


EXECUTIVE  PROCEEDINGS 


OF    THE 


PROVIDENCE    MEETING,    1855. 


HISTORY  OF  THE   MEETING. 

The  Ninth  Meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science  was  held  at  Providence,  R.  L,  commencing 
on  Wednesday,  August  15,  and  continuing  through  Wednesday, 
August  22. 

The  number  of  names  registered  in  the  book  of  members  in  at- 
tendance on  this  meeting  was  one  hundred  and  sixty-six.  Seventy- 
four  new  members  were  chosen,  of  whom  fifty-eight  have  since 
accepted  their  appointment.  Sixteen  others  have  joined  the  Associa- 
tion by  virtue  of  Rule  2  or  3.  Four  others  paid,  without  signing  the 
constitution.  Ninety-three  papers  were  presented,  most  of  which 
were  read,  but  only  a  part  have  been  printed.  Some  were  thought 
unworthy  of  publication,  and,  in  other  cases,  copies  have  not  been 
furnished  by  their  authors. 

The  Meetings  of  the  Association  were  held  in  the  Halls  of  Brown 
University. 

The  Annual  Address  was  delivered  by  the  retiring  President,  Pro- 
fessor James  D.  Dana,  on  Friday  evening,  August  17. 

A  Report  on  the  Recent  Progress  of  Organic  Chemistry  was  read 
by  Dr.  Wolgott  Gibbs,  on  Saturday  morning,  August  18. 

No  lengthened  abstract  of  the  proceedings,  scientific  and  executive, 
of  the  Providence  Meeting  of  the  Association  is  necessary  in  this 
place,  aa  they  are  contained  in  full  in  the  papers  and  resolutions 
printed  in  this  volume.    The  revisal  of  the  constitution,  and  the  codi- 
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fication  of  the  various  scattered  resolutions,  of  a  permanent  character, 
passed  since  the  organization  of  the  Association,  excited  a  brief  de- 
bate, when  the  subject  was  postponed  for  another  year. 

The  officers  elected  for  the  next  meeting  are  Professor  James  Hall, 
of  Albany,  President ;  Dr.  B.  A.  Gould,  of  Cambridge,  General  Sec- 
retary; and  Dr.  A.  L.  Elwyn,  of  Philadelphia,  Treasurer.  The 
Permanent  Secretary,  Professor  Joseph  Lovering,  of  Cambridge, 
retains  his  office  for  three  years  from  August,  1854. 

The  Association  voted  to  hold  their  next  meeting  at  Albany,  N.  Y., 
on  Wednesday,  the  20th  of  August,  1856,  having  received  an  invita- 
tion to  visit  that  city  from  several  prominent  citizens. 

During  the  meeting  at  Providence,  the  members  of  the  Association, 
and  their  ladies,  were  elegantly  entertained  on  different  evenings  as 
follows :  —  By  President  Wayland,  on  Wednesday,  August  15th  ; 
by  Z.  Allen,  Esq.,  and  by  Gen.  E.  Dyer,  on  Thursday,  the  16th ; 
by  John  C.  Brown,  Esq.,  on  Friday,  the  17th ;  by  James  Y.  Smith, 
Esq.,  Mayor  of  the  City,  on  Monday,  the  20th ;  and  by  Dr.  S.  B. 
ToBEY,  on  Tuesday,  the  21  st. 

On  the  afternoon  of  Wednesday,  August  22,  the  members  of  the 
Association,  and  their  ladies,  were  entertained  at  dinner  by  invitation 
of  the  Local  Committee,  and  through  the  hospitality  of  the  citizens  of 
Providence.  The  company  assembled  in  University  Hall,  and  at  2 
o'clock,  P.  M.  proceeded  thence  to  the  table,  which  was  spread  under 
a  beautiful  tent  upon  the  College  green.  After  partaking  of  the  boun- 
tiful repast,  the  members  of  the  Association  were  briefly  welcomed 
by  Professor  A.  Caswell,  in  behalf  of  the  Local  Committee,  and  the 
several  votes  of  thanks,  hereafter  printed,  were  read,  and,  after  appro- 
priate remarks  from  members  of  the  Association  and  citizens  of 
Providence,  were  passed  by  acclammation.  The  members  of  the 
Association  were  compelled,  by  want  of  time,  to  decline  an  invitation 
to  join  in  an  excursion  down  the  bay  to  Bristol  Ferry. 

Arrangements  were  also  made  by  the  Local  Committee,  which  gave 
the  members  of  the  Association  access  to  the  following  places:  — 
University  Library,  Providence  Athenaeum,  Butler  Hospital,  Swan 
Point  Cemetery,  City  Reform  School,  State  Prison,  P.  Allen  &  Sons' 
Print-Works  (North  End),  Eagle  Screw  Factory,  21  Stevens  Street 
(North  End),  Coriiss  and  Nightingale's  Steam-Engine  Manufactory 
(North  End),  Providence  Forge  and  Nut  Company's  Works  (North 
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End),  Gorham  and  Company's  Silver  Ware  Manufactory,  12  Steeple 
Street,  Providence  Gas  Works,  Benefit  Street  (Lower  End),  Rolling 
Mill,  Benefit  Street  (Lower  End),  Sackett,  Davis,  and  Potter's  Jew- 
elry Manufactory,  corner  of  Richmond  and  Friendship  Streets,  Provi- 
dence Machine  Company's  Works,  Eddy  Street,  New  England  Screw 
Factory,  Eddy  Street,  Atlantic  DeLaine  Company's  Mills,  at  Olney- 
ville  (now  manufacturing  cottons  and  cassimeres),  and  J.  Dunnell 
and  Company's  Print- Works,  Pawtucket. 


RESOLUTIONS  ADOPTED. 

Resolved^  That  this  Association  regards  the  preparation  of  an  Index 
of  Papers  on  subjects  of  Mathematical  and  Physical  Science,  proposed 
in  Lieutenant  Hunt's  communication  to  the  Section  of  Mathematics 
and  Physics,  as  one  of  the  most  important  and  valuable  enterprises 
for  advancing  science  which  can  now  be  undertaken,  and  that  it  would 
invite  the  co-operation  of  such  persons  as  are  able  effectively  to  labor 
for  tliis  end. 

Resolved^  That  the  Committee  on  Standard  Weights,  Measures, 
and  Coinage  be  authorized  to  communicate  with  other  associations,  or 
public  bodies,  or  with  individuals,  in  regard  to  the  establishment  of 
universal  and  permanent  uniformity  in  weights,  measures,  and  coin- 
age ;  and  be  requested  to  report  at  the  next  meeting. 

Resohedj  That  the  Committee  on  Weights  and  Measures  be  in- 
structed to  correspond  with  Great  Britain  and  France,  and  such  other 
countries  as  may  seem  desirable,  on  the  subject  of  Coinage ;  and  to 
present  a  memorial  to  Congress,  at  its  next  session,  in  favor  of  adopt- 
ing the  decimal  system  of  weights  and  measures. 

Resolved^  That  the  draught  of  the  Constitution,  proposed  by  the  Com- 
mittee appointed  to  revise  the  same,  be  laid  over  till  the  Albany  meeting. 

Resolved^  That  Professor  A.  D.  Bache  and  Professor  Joseph 
LovERiNO  be  a  Committee  to  report  to  the  Standing  Committee  in 
regard  to  the  continuance  or  discontinuance  of  old  Special  Committees. 
24* 
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Resolved^  That  the  following  Committees  be  discharged :  — 

1.  Committee  to  Memorialize  the  Legislature  of  Ohio  on  the  Sub- 
ject of  a  Geological  Exploration  of  that  State. 

2.  Committee  to  Memorialize  Congress  in  Relation  to  a  Geograph- 
ical Department  of  the  Congress  Library. 

3.  Committee  to  Memorialize  Congress  for  an  Appropriation  to 
enable  Professor  O.  M.  Mitchel  to  perfect  and  apply  his  new  Astro- 
nomical Apparatus. 

4.  Committee  to  take  Proper  Measures  in  Regard  to  the  Annular 
Eclipse  of  May  26th,  1854. 

Resolved^  That  the  Standing  Committee  return  their  best  thanks  to 
the  Permanent  Secretary,  for  the  very  thorough  manner  in  which  he 
has  executed  the  duties  of  his  office ;  and  congratulate  the  Associa- 
tion on  the  success  of  the  able  and  energetic  measures  pursued  by  him. 

Resolved, —  L  That  the  papers  read  at  this  meeting  be  referred  to 
the  Standing  Committee,  to  determine  in  reference  to  their  publication. 

2.  That  the  papers  not  accepted  for  publication  be  returned  to  their 
authors. 

Resolved,  That  the  Permanent  Secretary  be  allowed  to  put  the 
Proceedings  of  the  Providence  Meeting  to  press  one  month  after  the 
adjournment  of  the  Association,  and  that  1,500  copies  be  printed. 

Resolved,  That  the  Permanent  Secretary  be  directed  to  cause  300 
extra  copies  of  the  Address  of  the  retiring  President  to  be  struck  off, 
and  placed  at  the  disposal  of  the  author. 

Resolved,  That  the  Permanent  Secretary  be  directed  to  cause  300 
extra  copies  of  the  Report  of  Dr.  Wolcott  Gibbs  to  be  struck  off, 
and  placed  at  the  disposal  of  the  author. 

Resolved,  That  the  Standing  Committee  extend  an  invitation  to 
foreign  learned  societies,  and  individuals  devoted  to  science,  to  attend 
the  annual  meetings  of  the  Association. 

Resolved,  That  the  next  meeting  of  the  Association  be  held  at 
Albany,  commencing  on  the  third  Wednesday  of  August  [20],  1856. 

Resolved,  That  the  Standing  Committee  of  the  Association  meet 
at  the  Delavan  House  in  Albany,  on  Tuesday  evening,  August  19,  at 
9  o^clock,  P.  M.,  in  order  to  make  arrangements  in  advance  to  facili- 
tate the  business  of  the  meeting. 
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Resolved^  That  the  Local  Committee  for  the  Albany  Meeting  be 
requested  to  secure  the  services  of  Mr.  Parkhurst,  and  a  proper 
corps  of  assistants,  if  required,  to  give  short-hand  reports  of  the  dis- 
cussions at  the  meeting.  In  case  Mr.  Parkhurst  cannot  be  obtained, 
that  then  the  Local  Committee  shall  be  authorized  to  secure  the  ser- 
vices of  the  best  phonographer  to  be  found. 

Resolved,  That  the  Standing  Committee  be  authorized  to  act  for 
the  Association  in  any  matters  of  business  which  may  not  have  been 
completed  at  the  time  of  the  adjournment  of  the  Providence  Meeting. 

Resolutions  in  Honor  of  the  late  Hon.  Abbott  Lawrence  of 
Boston.     Presented  by  Professor  A.  D.  Bache. 

I  BisE  to  make  an  announcement,  and  to  offer  a  resolution  of  con- 
dolence in  reference  to  the  decease  of  one  of  the  most  munificent 
patrons  of  science  in  the  United  States,  —  the  Hon.  Abbott  Law- 
rence, —  whose  career  of  beneficence  has  just  been  closed  by  death. 

Afler  struggling  for  eighteen  months  against  disease,  Mr.  Lawrence 
died  on  Saturday  last,  at  his  residence  in  Boston,  at  the  age  of  between 
sixty-two  and  sixty- three  years. 

Having  in  middle  life  acquired  by  his  own  exertions  an  ample  for- 
tune, Mr.  Lawrence  devoted  his  large  means  to  the  good  works  of 
charity,  beneficence,  and  hospitality,  and  to  the  fostering  of  science, 
learning,  and  art. 

It  is  chiefly  as  the  founder  of  the  Lawrence  Scientific  School  of 
Harvard  that  I  wish  to  dwell  upon  his  claims  to  your  consideration. 
At  the  outset  he  endowed  that  institution  with  the  sum  of  fifty  thou- 
sand dollars,  and  there  is  confidence  that  his  will  contains  provision 
for  giving  still  further  development  to  this  great  work. 

The  light  in  which  this  endowment  was  regarded  by  the  family  of 
Mr.  Lawrence,  and  which  shows  how  nobly  they  are  associated  in  his 
great  and  good  deeds,  is  revealed  by  a  letter  from  his  brother  Amos, 
which  I  take  the  opportunity  to  read  to  the  Association. 

"  Wednesday  Morning,  June  9, 1847. 
"  Dear  Brother  Abbott  :  —  I  hardly  dare  trust  myself  to  speak 
what  I  feel,  and  therefore  wfite  a  word  to  say,  that  I  thank  God  I  am 
spared  to  this  day,  to  see  accomplished  by  one  so  near  and  dear  to 
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me  this  last,  best  work  ever  done  by  one  of  our  name,  which  will 

prove  a  better  title  to  true  nobility  than  any  from  the  potentates  of  the 

world.    It  is  more  honorable  and  more  to  be  coveted  than  the  highest 

public  station  in  our  country,  purchased  as  these  stations  oAen  are  by 

timeserving.     It  is  to  impress  on  unborn  millions  the  great  truth,  that 

our  talents  are  trusts  committed  to  us  for  use,  and  to  be  accounted  for 

when  the  Master  calls.     This  magnificent  plan  is  the  great  thing  you 

will  see  carried  out,  if  your  life  is  spared ;  and  you  may  well  cherish 

it  as  the  thing  nearest  your  heart.     It  enriches  your  descendants  in  a 

way  that  mere  money  never  can  do,  and  it  is  a  better  investment  than 

any  one  you  have  ever  made. 

"  Your  affectionate  brother, 

"  Amos. 
"  To  Abbott  Lawrence." 

The  success  of  that  institution  has  been  already  very  great,  and 
within  a  few  days  of  his  decease  Mr.  Lawrence  had  the  high  gratifi- 
cation to  receive  the  assurances  of  this  from  one  of  our  colleagues 
best  able  to  appreciate  the  results  (Professor  Peirce),  who,  having 
attended  the  annual  examinations  of  the  school,  found  such  evidences 
of  successful  study,  and  ample  and  sound  instruction,  that  he  felt  con- 
strained to  express  to  the  dying  patron  of  the  School  his  convictions 
of  the  entire  success  of  his  judicious  plans. 

It  will  be  recollected  by  some  of  the  members  of  the  Association, 
that  Mr.  Lawrence  was  selected  by  President  Taylor  as  his  Secretary 
of  the  Navy.     This  offer,  however,  he  felt  compelled  to  decline. 

On  visiting  Washington,  he  told  me  that  one  regret  which  he  had 
in  declining  the  post  was,  that  he  should  not  have  the  opportunity  to 
organize  the  Nautical  Almanac,  for  which  an  appropriation  had  been 
made  by  Congress,  but  that  he  would  recommend  earnestly  to  his  suc- 
cessor the  plan  which  since  has  been  so  well  executed. 

As  Minister  to  the  Court  of  St.  James,  Mr.  Lawrence  had  many 
opportunities  of  showing  to  scientific  men  his  high  appreciation  of  the 
career  to  which  they  were  devoted.  Those  who  visited  Europe  al- 
ways found  him  ready  to  aid  them  in  accomplishing  the  objects  of 
their  journey,  and  those  who  desired  communication  with  Europeans 
were  assisted  by  all  the  means  in  his  power. 

The  science  of  the  United  States  owes*  a  debt  of  deep  gratitude  to 
Mr.  Lawrence,  which  the  resolutions  I  now  present  but  feebly  shadow 
forth. 
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Resolved^  That  the  American  Association  for  the  Advancement  of 
Science  have  heard  with  deep  regret  of  the  decease  of  the  Hon. 
Abbott  Lawrence,  who,  by  the  munificent  foundation  of  the  Law- 
rence Scientific  School  of  Harvard  University,  has  identified  his  name 
whh  the  progress  of  science  in  the  United  States. 

Resolved^  That  the  members  of  the  Association  ofTer  their  sincere 
condolence  to  the  bereaved  family  of  Mr.  Lawrence. 

Resolvedj  That  the  President  and  Secretaries  of  the  Association 
communicate  these  resolutions  to  the  family  of  the  deceased. 

These  resolutions,  signed  by  the  President  and  Secretaries  of  the 
Association,  were  transmitted  to  Mrs.  Lawrence,  with  the  following 
note  from  the  Permanent  Secretary :  — 

'*  Cambridge,  September  11>  1855. 
*'  While  I  have  the  honor  officially  to  transmit  to  you  the  resolutions 
passed  by  the  American  Association  for  the  Advancement  of  Science, 
in  acknowledgment  of  the  great  public  and  private  loss  occasioned  by 
the  death  of  your  late  husband,  the  Hon.  Abbott  Lawrence,  may  I  be 
permitted  also  to  express  to  you  my  individual  sympathy  with  you  in 
your  severe  affliction. 

"  Very  truly  yours, 

"  Joseph  Lovering, 
"  Mrs.  Abrott  Lawrence."  Permanent  Secretary, 
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Providence,  July  20,  1855. 
For  several  years  extensive  experiments  have  been  made  in  France, 
upon  a  large  scale,  with  the  view  of  ascertaining  how  far  the  rivers  of 
that  country  could  be  replenished  with  fishes,  which  of  late  had  be- 
come very  scarce.  The  experiments  have  been  entirely  successful. 
With  such  results  before  us,  and  when  we  hear  daily  how  our  rivers 
are  losing  their  fishes,  it  would  seem  desirable  that  the  Association 
should  recommend,  or  at  least  countenance,  the  measures  which  are 
likely  to  be  proposed  in  the  State  of  New  York,  with  reference  to 
fisheries  and  artificial  fecundation  of  fishes. 
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The  motives  for  such  exertions  are  the  salubrity  of  that  article  of 
food,  the  usefulness  of  certain  regulations  to  secure  its  production, 
and  the  advantage  the  practices  employed  in  artificial  fecundation 
afford  to  scientific  investigations. 

Scientific  men,  above  all  others,  should  be  anxious  to  secure  to  the 
community  an  abundance  of  fish,  when  it  is  ascertained  that  no  other 
article  of  food  supplies  so  promptly,  and  so  efiectually,  the  waste  of 
the  brain  arising  from  mental  exertions. 

Wherever  artificial  fecundation  has  been  practised,  fishes  have  be- 
come abundant,  even  where  they  had  been  scarce  before.  For  more 
than  one  hundred  years  the  breeding  of  fishes  has  been  successfully 
practised  in  Germany,  especially  that  of  carps. 

Finally,  it  is  by  artificial  fecundation  embryologists  have  recently  ob- 
tained the  most  favorable  opportunities  of  tracing  their  investigations. 

Taking  into  consideration  all  these  circumstances,  it  seems  to  me 
desirable  that  the  Standing  Committee  ofier  a  resolution  to  the  Asso- 
ciation, to  the  efiect  of  approving  the  measure  which  the  Legislature 
''of  New  York  may  pass  to  promote  pisciculture  in  that  State. 

L.  Agassiz. 

To  THE  American  Association  for  the  Advancement 
OF  Science. 


The  Committee  to  whom  the  subject  of  the  introduction  of  estab* 
lishments  for  fish-breeding  in  this  country  was  referred,  beg  leave  to 
recommend,  — 

That  a  Committee  be  appointed  to  memorialize  the  Legislature  of 

New  York,  with  reference  to  the  promotion  of  fish-breeding  in  that 

State. 

James  D.  Dana. 
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1.  Report  of  Professor  S.  F.  Baird,  late  Permanent  Secre- 
tary OP  THE  American  Association  for  the  Advancement  of 
Science,  on  the  Distribution  and  Disposal  of  the  Volumes 
OF  Proceedings. 

The  objects  of  the  report  will  perhaps  be  best  answered  by  taking 
up  the  volumes  in  succession,  and  giving  a  brief  account  of  the  cir- 
cumstances attending  their  publication. 

First  Meetings  Philadelphia^  1848.  — This  volume  was  edited  and 
published  in  Philadelphia,'  and  distributed  from  that  point  to  members. 
The  extent  of  the  edition  is  not  known,  but,  as  in  the  case  of  the 
Cambridge  volume,  it  is  understood  that  nearly  all  the  members  on 
the  list  received  copies,  irrespective  of  their  having  paid  their  annual 
fees.  No  statement  of  the  distribution  of  this  volume,  as  of  the 
Cambridge  and  Charleston  ones,  having  been  made  by  the  Secretary 
preceding  the  undersigned,  he  can  only  give  the  number  of  286 
copies  as  received  by  him  from  various  sources.  The  number  deliv- 
ered to  Professor  Lovering  amounts  to  86  copies. 

Second  Meetings  Cambridge^  1849. — Of  this  volume,  700  copies 
were  published  by  the  Association,  all  of  which  were  expended  by 
issues  to  members,  distribution  to  learned  societies  abroad,  dec.,  no  par- 
ticulars of  which  are  on  record.  The  undersigned  received  no  copies 
whatever  from  the  previous  Secretary  of  the  Association.  He  how- 
ever purchased  from  Munroe  &  Co.,  of  Boston,  100  copies,  at  $1.00 
each,  with  a  few  from  other  parties  at  $1.50;  and  collected  between 
forty  and  fiAy  volumes  from  the  Smithsonian  Institution,  Professor 
Henry,  and  others,  who  liberally  gave  back  the  copies  they  had  re- 
ceived in  return  for  extra  subscriptions.  Delivered  to  Professor  Lov- 
ering 32  copies. 

Third  Meetings  Charleston^  1850.  —  This  volume  was  published  by 
the  liberality  of  the  city  of  Charleston,  without  expense  to  the  Asso- 
ciation, and  copies  given  to  all  members  who  had  paid  their  dues. 
From  Mr.  Herrick  were  received  184  copies,  and  others  from  Dr. 
Bavenel  of  Charleston,  of  which  no  account  was  sent,  and  the  num- 
ber cannot  now  be  exactly  ascertained,  but  is  believed  to  have  been 
about  300.     Delivered  to  Professor  Lovering  292  copies. 
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Fourth  Meetings  New  Haven,  1850.  —  Of  this,  the  first  volume  pub- 
lished by  the  undersigned,  1 ,000  copies  were  issued ;  of  these,  30 
copies  were  lost  on  the  steamboat  on  which  they  had  been  shipped 
for  transmission  to  the  Albany  meeting.  Delivered  to  Professor  Lov- 
ering  274  copies. 

Fifth  Meeting y  Cincinnati^  1851. — This  volume  was  published  by 
the  citizens  of  Cincinnati,  in  an  edition  of  999  copies,  of  which  60 
were  retained  by  the  Cincinnati  Committee  for  subscribers  to  the  pub- 
lishing fund,  55  for  other  members  of  the  Association,  and  182  for  the 
purpose  of  making  up  by  their  sale  a  balance  due  on  the  volume  after 
the  subscriptions  had  been  collected.  The  remaining  702  copies  were 
sent  to  the  undersigned.    Delivered  to  Professor  Lovering  494  copies. 

Sixth  Meeting,  Albany ,  1851. — This  volume  was  also  published  by 
subscription  among  the  citizens  of  Albany,  and  1,000  copies  placed 
at  the  disposal  of  the  Association.  Of  these,  374  copies  were  deliv- 
ered immediately  on  their  publication  to  members  who  had  paid 
their  dues ;  much  the  largest  number  ever  issued  in  this  way  at  any 
one  time.     Delivered  to  Professor  Lovering  353  copies. 

It  is  a  difficult  matter  to  get  at  the  exact  number  of  copies  of  the 
Proceedings  issued  to  members,  as  no  strict  account  of  these  was 
kept.  The  earlier  volumes  were  distributed  to  nearly  all  the  names 
recorded  on  the  list,  whether  the  parties  had  paid  their  annual  dues  or 
not.  As  this  was  found  to  encourage  remissness  in  paying  the  annual 
assessments,  the  Association  directed  that  the  New  Plaven  and  suc- 
ceeding volumes  should  be  issued  only  to  those  who  had  paid  their 
dues,  providing  also  for  the  elimination,  aAer  due  notice,  of  the 
names  of  delinquents.  In  this  way  a  great  saving  was  effected  in 
the  stock  of  publications,  which  thenceforward  became  a  source  of 
profit  to  the  Association,  instead  of  requiring  the  extra  aid  of  a  few 
liberal  members  to  meet  the  expenses  over  and  above  the  amount  in 
the  hands  of  the  Treasurer. 

The  number  of  copies  thus  distributed  for  the  two  regular  volumes 
(New  Haven  and  Albany),  after  this  order,  has  varied  from  three  to 
four  hundred,  exclusive  of  sales  of  back  volumes  to  new  members,  or 
to  non-members,  either  directly,  or  through  agents.  Lists  have  been 
furnished  from  time  to  time  by  the  Treasurer,  of  persons  paying  their 
dues,  and  consequently  entitled  to  the  corresponding  volumes,  or  cer- 
tificates furnished  by  him  to  parties  have  been  presented  and  received 


REPORTS. 


289 


as  vouchers  of  the  same  right.  No  minute  record  of  the  volumes  so 
issued  has  heen  kept,  as  the  stock  on  hand  by  actual  count,  added  to 
the  number  sold,  or  distributed  to  foreign  and  domestic  institutions  (of 
which  the  accounts  are  carefully  preserved),  always  furnishes  the 
data  for  ascertaining  the  volumes  thus  expended. 

One  not  inconsiderable  expenditure  of  volumes  has  been  in  the 
number  lost  at  meetings,  by  being  carried  away  surreptitiously  or  ac- 
cidentally from  the  office  of  the  Association.  It  has  been  impossible 
to  keep  these  books  always  in  a  safe  place,  or  to  exercise  that  con- 
stant supervision  over  them  which  would  prevent  this  loss.  In  a 
single  meeting,  as  many  as  twenty  or  thirty  copies  have  gone  in  this 
way,  as  nearly  as  could  be  ascertained ;  taken,  not  by  members  in  all 
probability,  but  by  others,  some  of  whom  doubtless  supposed  these 
volumes  intended  for  gratuitous  distribution. 

In  addition  to  the  copies  of  the  volumes  distributed  to  members  and 
institutions,  a  considerable  number  has  been  sold  by  booksellers  or 
agents,  as  mentioned  in  the  accompanying  statement,  in  the  aggregate 
amounting  to  693  volumes.  The  gross  receipts  by  the  Treasurer  for 
these  volumes  have  amounted  to  over  1,000  dollars,  constituting  no 
inconsiderable  source  of  revenue,  and,  at  the  same  time,  putting  it 
in  the  power  of  institutions  and  individuals,  at  home  and  abroad,  not 
members,  to  procure  the  records  of  the  Association. 
Respectfully  submitted, 

Spencer  F.  Baied. 
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S.  F.  Baird  in  Account  with  Volumes  of  the  Proceedings  of  the 
American  Association. 

Dr.  I.     Philadelphia.  Cr. 

Rec'd  from  W.  P.  Hazard,  172      Sold,         .        .        .105 
"         "      E.  C.  Herrick,    114      In  hands  of  Agents,  25 


European  Distribution,      27 

286      Issued  to  Members,  say    43 
Sent  Professor  Lovering,  86 


286 


26 


290  BEP0RT8. 

II.     Cambridge. 

Purchased  of  Munroe,     .       100      Sold,   ...  60 

Presented  by  Smithsonian  In-             With  Agents,  .        .  25 

stitution,  and   obtained  in             European  Distribution,  27 

other  ways,         .        .        50      To  Members,  say     .  6 

To  Professor  Lovering,  32 

150  150 

ni.     Charleston. 

From  E.  C.  Herrick,      .       184      Sold,       .        .        .123 

From  Ravenel,  .        .         .        ?       With  Agents,        .  25 

European  Distribution,   27 


To  Members,  .        .         ? 
To  Professor  Lovering,  292 


467 


IV.     New  Haven. 

From  Printer, 

1,000      Sold,        .        .        .278 

With  Agents,      .           68 

Lost  by  steamboat,    .      30 

To  Europ.  Institutions,      3 

To  Amer.         "               8 

To  Members,  say     .     339 

To  Professor  Lovering,  274 

1,000 

V.     Cincinnati. 

Edition  published,     . 

.    999      Sold,       ...      72 

With.  Agents,                  25 

To  Europ.  Institutions,   27 

To  Amer.          "              8 

To  Members,  say     .     131 

To  Subscribers  of  9  5,    60 

Kept  by  Cincin.  Com.   182 

Edition  published,    . 

To  Professor  Lovering,  494 

—    999 
VI.    Albany. 

.    1,000      Sold,       ...      55 

With  Agents,      .  160 

To  Europ.  Institutions,    28 

To  Amer.  "  8 

To  Members,  say  396 

To  Professor  Lovering,  353 

1,000 
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APPENDIX  B. 


List  of  European  Institutions  to  which  Copies  of 
of  the  American  Association  were  distributed 
in  1852-53. 


Stockholm^  —  Kongliga  Svenska  Vetenskaps 

Akademien, - 

Copenhagen^  —  Kongel.  danske  Vidcnsk.  Sel- 
skab)       ..••... 
MoseoWy  —  Soc.  Imp.  des  Naturalistes, 
St,  Petersburg  J  —  Acad.  Imp.  des  Sciences, 

*'*'  Eais.  Russ.  Min.  Gesellsch., 

Amsterdam^  —  Acad.  Royale  des  Sciences, 
Haarlem,  —  Holl.  Maatschappij  der  Weten- 

schappen,        

Berlin,  —  K.  P.  Akad.  der  Wiss.,      . 
Breslau,  —  K.  L.  C.  Akad.  der  Naturf., 
Franckfurt, — Senckenbergische  Gesellschaft, 
Gottingen,  —  Eonigl.  Gesellschaft  der  Wiss., 
Munich,  —  K.  B.  Akad.  der  Wiss.,    . 
Prog,  —  K.  Bohm.  Gesellschaft  der  Wiss.,     . 
Vienna,  —  K.  Akad.  der  Wiss., 
Bern,  —  Allg.  Schw.  Gesellschaft, 
Geneve, —  Soc.  de  Physique  et  d'Hist.  Nat., 
Bruxelles,  —  Acad.  Royale  des  Sciences, 
Liige,  —  Soc.  Royale  des  Sciences, 
Paris,  —  Institut  de  France, 
Turin,  —  Accademia  Reale  delle  Scienze, 
Madrid,  —  Real  Acad,  des  Ciencias,    . 
Cambridge, —  Camb.  Philosophical  Society, 
Dublin,  —  Royal  Irish  Academy, 
Edinburgh,  — Royal  Society,   . 
London,  —  Board  of  Admiralty,  . 
"  East  India  Company, 

"  Museum  of  Practical  Geology,     . 

"  Royal  Society, 
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Copies  of  the  fourth  volume  were  purchased  by  the  Smithsonian 
Institution,  and  presented  to  the  above  Institutions. 
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American  Institutions  receiving  Copies  of  the  Proceedings  of  the 
American  Association  hy  Vote  of  the  Association* 

Volumes    IV.  V.  VI. 

American  Academy,  Boston^ u  u  u 

Natural  History  Society,  Boston^ »c  ct  •* 

New  York  Lyceum,  New  York,        .        .        .        .        4i  "  t* 

Philadelphia  Academy  of  Natural  Sciences,  Philadelphia^  "  "  ** 

American  Philosophical  Society,  "  "  "  " 

Western  Academy  of  Natural  Sciences,  Cincinnati^  .        "  "  " 

Cleveland  Academy  of  Natural  Sciences,  Cleveland^     .     "  "  " 

Smithsonian  Institution,  Washington,         .         .  a  u  u 


Report  of  the  Committee  to  examine  into  the  Distribution  of  Copies 
of  Proceedings  of  the  American  Association  for  the  Advancement 
of  Science,  hy  the  late  Permanent  Secretary,  Professor  S.  F. 
Baird, 

The  undersigned,  a  Committee  appointed  for  the  purpose,  have 
examined  the  report  of  the  late  Permanent  Secretary  of  the  Amer- 
ican Association,  in  reference  to  the  distribution  of  volumes  of  Pro- 
ceedings in  his  charge,  and  find  the  account  as  satisfactory  as  the 
nature  of  such  transactions  will  allow,  and  they  fully  accord  to  the 
late  Secretary  the  commendation  which  they  think  he  deserves  for 
his  management  of  the  trust  committed  to  his  care. 

Joseph  Henbt, 
j.  s.  hubbabd. 


To  the  Standing  Committee  of  the  American  Association 
FOR  the  Advancement  of  Science  :  — 

The  undersigned,  a  Sub-Committee  to  whom  was  referred  the  doc- 
uments presented  by  the  late  Permanent  Secretary,  Professor  Baird, 
would  report, — 

1st.  That  these  documents  consist  of  a  statement  of  estimates  of 
the  number  of  volumes  received  and  distributed,  but  without  any 
vouchers. 

2dly.  Of  a  list  of  institutions  to  whom  the  Proceedings  have  been 
sent 
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3d]y.  Of  a  certificate  signed  by  Professors  Joseph  Henry  and 
J.  S.  Hubbard,  that  the  accounts  seem  as  satisfactory  as  the  nature  of 
the  case  permits,  and  according  the  commendation  which  they  think 
he  deserves. 

The  Sub-Committee  do  not  feel  themselves  called  upon  to  express 

any  judgment  in  the  premises. 

James  D.  Dana, 

B.  A.  Gould,  Je. 
Providence,  Aoguflt  19, 1855. 


2.  Report  of  the  Committee  on   the   Solar  Eclipse   of  May 

26,  1854. 

The  Committee  on  the  Solar  Eclipse  of  May  26, 1854,  respectfully 
report,  that  they  attended  to  the  duties  confided  to  them,  distributing 
as  widely  as  possible  the  information  in  regard  to  it,  and  making 
extended  arrangements  for  observation.  The  unfavorable  character 
of  the  weather  on  the  day,  in  that  portion  of  the  United  States  in 
which  the  eclipse  was  annular  and  central,  is  well  known  to  the  mem- 
bers. The  observations  collected  have  been  published  in  the  Astro- 
nomical Journal,  and  the  Committee  now  request  to  be  discharged. 

A.  D.  Bache,  Chairman. 
Flroyidence,  Angast  22, 1855. 


3.  Report  on  Mr.  Bassnett's  Theory  of  St^kms.    By  Profes- 
sor Joseph  Henry. 

Professor  Henry  presented  the  following  verbal  report  on  Mr. 
Bassnett^s  Theory  of  Storms. 

Professor  Henry  stated  that  Mr.  Bassnett's  theory  had  been  tested  by 
the  Committee,  by  observing  the  weather,  and  noting  its  correspond- 
ence or  want  of  correspondence  with  Mr.  Bassnett's  predictions.  The 
predictions  of  the  theory  were  verified  during  the  first  ten  days  toler- 
ably well,  but  were  found  worthless  during  the  remaining  time  of 
observation,  or  for  nearly  two  months. 
25* 
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4.  Report  of  the  Committee  on  Dr.  Brainerd's  Paper. 

The  Committee  to  whom  the  question  respecting  the  non-publica- 
tion of  Dr.  Brainerd's  paper  was  referred  would  report,  — 

First.  That  the  paper  of  Dr.  Brainerd  was  withdrawn  from  the  list 
of  papers  for  the  Cleveland  Volume,  by  the  regular  and  authorized 
action  of  the  Association. 

Second.  That  the  character  of  the  paper  was  such,  —  its  conclu- 
sions so  erroneous,  and  its  reasonings  so  false, -^  that  any  other  action 
would  have  been  wanting  in  fidelity  to  the  interests  of  the  Association 
and  the  science  of  the  country. 

James  D.  Dana, 

Benjamin  Peiece. 
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To  the  President  of  the  Association:- — 

The  Local  Committee  invite  the  Association  to  join  them  in  an 
excursion  down  the  Bay  to  Bristol  Ferry,  on  one  day  during  the  ses- 
sion.   Tuesday  or  Wednesday  of  next  week  will  be  convenient 
Very  respectfully, 

A.  Caswell,  Chairman. 
Saturday,  Angnst  18, 1855. 

In  reply  to  this  invitation,  it  was  resolved, — 

That  the  Association  presents  its  sincere  thanks  to  the  Local  Com- 
mittee and  citizens  for  their  kind  invitation,  and  regrets  exceedingly 
that  the  want  of  time  will  prevent  the  members  from  accepting  it. 


To  THE  President  of  the  Scientific  Association:  — 

The  Committee  of  Reception  have  the  pleasure  of  inviting  the 
members  of  the  Association  for  the  Advancement  of  Science,  to- 
gether with  their  ladies  in  attendance,  to  a  Complimentary  Dinner, 
on  Wednesday,  the  22d,  at  2  P.  M. 

For  the  Committee, 

A.  Caswell. 
Monday,  August  20, 1855. 
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Booms  of  the  Froyidence  Youngs  Men's  Christian  Association, 
No.  56  Broad  Street,  August  II th,  1855. 

Membeks  of  the  Scientific  Association  :  — 

Gentlemen,  —  It  becomes  my  pleasing  duty  to  inform  you,  that 
at  the  meeting  of  the  Board  of  Managers  of  this  Association,  holden 
on  the  9th  instant,  it  was  voted,  — 

"  That  the  members  of  the  Scientific  Association  be  invited  to  visit 
our  Library  and  Reading-Room  as  often  as  may  suit  their  conven- 
ience during  their  session  in  our  city.'' 

N.  B.  —  Rooms  open  from  9  A.  M.  to  9  J  P.  M. 
Respectfully  yours, 

William  C.  Mills, 

Sec,  of  Board  of  Managers  of  the 

P.  Y.  M.  C,  Association, 

Providence,  August  17, 1855. 
Sib,  —  The  Cabinet  and  Library  of  the  Rhode  Island  Historical 
Society  will  be  open  for  inspection  by  the  members  of  the  American 
Scientific  Association,  on  the  afternoon  of  Monday,  the  20th  instant. 

Any  members  of  the  Association  who  are  interested  in  historical 
investigations  can  obtain  ready  admission  to  the  rooms  at  any  other 
time,  by  application  to  any  member  of  the  Society. 
Very  respectfully,  your  obedient  servant, 

Albert  G.  Geeene,  President  R,  L  Hist.  Society. 
Pbof.  John  Toebey,  President  Amer,  Scientific  Association. 


To  the  Pbesident  of  the  American  Association  for  the 
Advancement  op  Science  :  — 

Dear  Sib, — The  Providence  Franklin  Society,  a  body  especially 
devoted  to  the  study  of  physical  science,  has  voted  to  invite  the  mem- 
bers of  your  Association  to  visit  its  Cabinet  during  your  session.  A 
Committee,  of  which  the  President  of  the  Society  is  chairman,  is 
charged  with  the  agreeable  duty  of  communicating  this  invitation. 

We  shall  bo  happy  to  meet  the  members  of  the  Association,  and 
any  others  who  may  favor  us  with  a  visit,  on  the  afternoons  of  Friday 
and  Saturday,  the  17th  and  18th  of  August,  at  which  time  some  of 


296  REPORT   OF    THE   PERMANENT   SECRETARY. 

our  Committee  will  be  present.     The  Cabinet  will  be  accessible  at 
any  other  time,  on  application  to  any  members  of  the  Society. 
On  behalf  of  the  Committee, 

Charles  W.  Parsons, 
President  of  the  Providence  Franklin  Society. 

Providence,  Cabinet  of  the  Society,  20  North  M&in  Street  (up  stairs), 
August  15,  1855. 

Providence  Athenseam,  Aognst  14, 1855. 
Dear  Sir,  —  I  have  the  pleasure  of  enclosing  to  you,  to  be  com- 
municated, the  vote  of  this  Institution,  tendering  the  use  of  its  Rooms 
and  Library  to  the  members  of  the  American  Association  for  the 
Advancement  of  Science,  while  in  this  city. 

Wm.  G.  Patten,  Vice-President. 

Dr.  Wolcott  Gibbs,  General  Secretary  of  the  American  AssocuUian 
for  the  Advancement  of  Science,  Providence. 

Providence  Atheneeam,  August  6, 1855. 
Voted,  That  the  members  of  the  "  American  Association  for  the 
Advancement  of  Science  "  be  authorized  and  invited  to  visit  and  use 
the  Library  of  the  Athenaeum,  and  its  Rooms,  during  the  session  of 
the  Association  about  to  be  held  in  this  city. 

John  Gorham,  Secretary. 
Wm.  G.  Patten,  Vice-President, 


REPORT  OF  THE  PERMANENT  SECRETARY. 

This  report  is  made  by  the  Secretary  in  anticipation  of  the  adop- 
tion of  the  second  clause  of  Article  20  of  the  new  Constitution  to 
be  proposed,  which  requires  a  statement  of  ''  the  business  of  which 
he  has  had  charge  since  the  last  meeting  of  the  Association.^'  This 
business  has  consisted,—^  1.  of  general  correspondence ;  2.  of  noti- 
fication of  their  election  to  new  members,  and  of  the  issue  of  the 
circular  for  the  Providence  meeting ;  3.  of  the  preparation,  publica- 
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tion,  and  distribution  of  the  Washington  volume,  and  of  large  extra 
editions  of  Professor  Peirce^s  Address,  and  Dr.  B.  A.  Gould's  Eulogy ; 
and  4.  of  the  collection  of  assessments,  and  the  payment  of  bills. 

I.  Under  the  first  head,  the  Secretary  refers  to  the  correspondence 
with  the  Minister  of  the  Chilian  Government,  and  with  Professor  G.  B. 
Airy,  of  the  Royal  Observatory  of  Great  Britain,  contained  in  the 
Washington  volume.  He  also  states  that  the  general  correspondence 
consists  of  two  hundred  and  eleven  letters,  all  of  which  are  on  file, 
and  all  of  which  have  received  an  answer  when  necessary. 

II.  Under  the  second  head,  the  Secretary  states  that  he  availed 
himself  of  the  opportunity  afibrded  by  the  issue  of  the  circular  for 
the  Providence  meeting,  to  send  to  each  member  of  the  Association 
the  amount  of  his  indebtedness,  —  an  innovation  which  the  Secretary 
thinks  will  be  justified  by  the  propriety  of  the  act,  as  well  as  by  the 
financial  result. 

in.  Under  the  third  head  it  is  to  be  stated,  that  fifteen  hundred 
copies  of  the  Washington  volume  have  been  printed.  This  volume 
consists  of  three  hundred  and  seventy-two  pages,  with  nine  wood-cuts, 
and  six  large  maps.  The  whole  edition  has  involved  an  expense  of 
one  thousand  dollars,  or  about  sixty-seven  cents  per  copy. 

IV.  Under  the  fourth  head  it  is  to  be  remarked,  that  much  of  the 
financial  labor  must  in  fact^  as  it  does  by  Zaio,  fall  upon  the  Perma- 
nent Secretary.  At  the  Washington  meeting,  and  since  that  meeting, 
down  to  the  time  when  the  circular  for  the  present  meeting  was  issued, 
the  amount  of  five  hundred  and  ninety-seven  dollars  and  twenty-five 
cents  was  collected  by  the  Secretary,  in  the  form  of  assessments,  and 
one  hundred  dollars  and  seventy-eight  cents  by  the  sale  of  publica- 
tions. This  has  been  expended  for  the  purposes  of  the  Association, 
as  well  as  eight  hundred  dollars  received  directly  from  the  Treasurer. 
The  items,  with  vouchers,  will  be  found  in  the  register  of  the  account 
current  which  the  Secretary  has  opened  with  the  Association. 

Since  the  issue  of  the  circular  for  the  Providence  meeting,  down  to 
August  21  (an  interval  of  only  one  month),  the  Secretary  has  received 
assessments  to  the  amount  of  eleven  hundred  and  seventy-six  dollars 
and  fifty  cents,  or  double  the  amount  received  during  the  preceding 
fifteen  months.  At  the  same  time  it  remains  to  be  stated,  that  there 
still  exists  a  large  sum  of  indebtedness  to  the  Association ;  amount- 
ing, on  a  rough  estimate,  to  five  thousand  dollars.    The  Association 
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now  numbers  one  thousand  and  twenty-three  members.  Three  dol- 
lars from  each  would  pour  into  the  treasury  three  thousand  and  sixty- 
nine  dollars  annually.  The  Secretary  proposes  to  issue,  after  a  suit- 
able interval,  a  second  circular  to  those  who  remain  delinquent,  and 
then  to  execute  the  law  contained  in  Rule  19  of  the  old  Constitution, 
or  Rule  23  of  the  new  Constitution  printed  by  the  Committee. 

If  the  eleven  hundred  and  eighty-six  dollars  and  fifty  cents  just  col- 
lected be  added  to  the  six  hundred  and  thirty  dollars  and  fifty-eight 
cents  which  appears,  by  the  accompanying  report  of  the  Treasurer,  to 
be  the  previous  balance  in  the  treasury,  it  gives  a  sum  of  one  thousand 
eight  hundred  and  seventeen  dollars  and  eight  cents  with  which  to 
begin  another  financial  year. 

The  probable  expenses  for  that  year  may  be  loosely  estimated  as 
follows :  — 

Salary  of  the  Permanent  Secretary,        .  .    $  300 

Publication  of  the  Providence  volume,  .         1,000 

Republication  of  the  Cleveland  volume,  700 

Total,        .         .  $2,000 

The  sum  total,  which  is  exclusive  of  thirty-seven  and  a  half  dollars 
just  paid  by  order  of  the  Standing  Committee  to  Mr.  Brainerd  for 
lithographing  and  printing  Blodget's  map,  and  of  the  expenses  of  the 
Providence  meeting,  and  all  other  incidentals  accruing  during  the 
current  year,  exceeds  by  one  hundred  and  eighty-three  dollars  the 
money  in  the  treasury.  But  it  is  hoped,  that,  by  pressing  vigorously 
the  work  of  collection,  the  Association  may  be  saved  from  pecuniary 
embarrassment,  without  restricting  its  publications. 

In  conclusion,  the  Secretary  requests  that  his  report  and  accounts 
may  be  audited  by  a  Sub-Committee  of  the  Standing  Committee. 
Respectfully  submitted  by 

Joseph  Lovebing, 

Permanent  Secretary. 


REPORT  OF  THE  AUDITORS. 

This  certifies  that  we  have  this  day  examined  the  above  account  of 
the  Permanent  Secretary,  comparing  the  credits  with  the  Treasurer's 
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account,  and  with  the  receipt-book  of  the  Secretary,  and  the  debits 
with  the  several  vouchers,  and  find  the  whole  correct,  and  the  balance 
of  one  hundred  and  eleven  dollars  and  ninety-six  cents  properly  cred- 
ited in  the  next  account. 

John  Johnston,  )    -    ,, 
James  Hall,       ) 
Providence,  Angnst  24,  1855. 


REPORT  OF  THE   TREASURER. 

Since  the  meeting  at  Washington  in  April,  1854,  the  Treasurer  has 
received  from  G.  P.  Putnam  thirty-five  dollars;  from  S.  F.  Baird, 
one  hundred  and  twenty-nine  dollars  and  forty-eight  cents ;  from  J.  M. 
Gilliss,  one  hundred  and  forty-two  dollars  and  forty-seven  cents; 
from  assessments,  ninety  dollars  and  ninety  cents :  in  all  three  hun- 
dred and  ninety-seven  dollars  and  eighty-five  cents. 

During  the  same  time  he  has  sent  to  Professor  Levering  eight 
hundred  dollars,  and  paid  Brainerd  and  Burridge's  bill  for  wood-cuts 
for  the  Cleveland  volume,  one  hundred  and  nineteen  dollars  and  seven- 
ty-five cents.  Besides,  there  has  been  a  discount  of  thirty-five  cents 
for  collecting. 

The  total  amount,  taken  from  the  whole  sum  paid  into  the  treasury 
since  the  Albany  meeting,  which  is  fifteen  hundred  and  sixty-eight 
dollars  and  thirty-three  cents,  leaves  in  the  hands  of  the  Treasurer, 
at  the  commencement  of  the  present  meeting,  six  hundred  and  twenty 
dollars  and  fifly-eight  cents. 

A.  L.  Elwyn, 

Treasurer. 


VOTES  OF  THANKS. 

Resolved^  That  the  sincere  thanks  of  the  members  of  the  Associa- 
tion be  returned  to  the  Trustees,  President,  and  Professors  of  Brown 
University,  for  the  cordial  welcome  which  they  have  given,  and  for 
the  ample  accommodations  afforded  in  the  College  buildings  for  the 
meetings  of  the  Sections  and  Committees. 
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Resolved^  That  a  set  of  the  Volumes  of  the  Proceedings  of  the 
Association  be  presented  to  the  Library  of  Brown  University. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  the 
Local  Committee,  and  especially  to  its  Chairman  and  Secretary,  for 
their  constant  kindness  and  attention ;  and  for  their  judicious  and  ex- 
cellent arrangements  both  before  and  during  the  meeting. 

Resolvedy  That  the  thanks  of  the  Association  be  tendered  to  the  nu- 
merous Societies,  Libraries,  and  Manufacturing  Establishments  which 
have  extended  invitations  to  its  members. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  the 
Benevolent  Street  Congregational  Society,  for  the  use  of  their  church 
for  the  delivery  of  the  Address  of  the  retiring  President,  Professor 
J.  D.  Dana. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  the 
Railroad  and  Steamboat  Companies  who  have  offered  free  return 
tickets  to  members  in  attendance  at  this  meeting. 

Resolved,  That  the  thanks  of  the  members  of  the  Association  be 
tendered  to  the^Citizens  of  Providence,  whose  private  hospitality  has 
been  so  freely  and  so  munificently  extended  during  our  whole  sojourn 
in  their  beautiful  city. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  the 
Citizens  of  Providence,  for  the  most  noble  and  generous  entertainment 
offered  to  its  members  on  August  22. 

Resolved,  That  a  set  of  the  Volumes  of  the  Proceedings  of  the 
Association  be  presented  to  the  Providence  AthensBum. 


REPORT  OF  REMARKS 


OF7EBED  ON  OCCASION  OF  THB 

RESOLUTIONS   INTEODUCED    BY    PROF.   A.  D.  BACHE, 


IN  HONOB  OF 


THE  HON.  ABBOTT  LAWRENCE. 


Mr.  Samuel  B.  Ruggles  rose  to  second  the  resolutions.  He  con- 
curred most  cordially  in  the  judicious  and  eloquent  tribute  paid  by 
Professor  Bache  to  the  private  virtues  and  public  services  of  Mr. 
Lawrence,  and  would  only  advert,  in  addition,  to  the  position  he  had 
occupied  in  respect  to  American  science,  as  rendering  the  proposed 
expression  of  feeling  by  this  Association  peculiarly  appropriate. 

Mr.  Lawrence  was  probably  the  most  important  of  the  many  impor- 
tant links  which  bind  this  Association  to  the  community  around  it. 
In  truth,  he  was  the  very  type  of  that  great  and  generous  portion  of 
the  American  public,  ready  and  willing,  at  all  times,  to  lend  their 
bands,  and  heads,  and  hearts,  and  purses  to  the  support  of  science. 
Nay,  more,  Mr.  Lawrence  stood  forth  a  living  exponent  of  the  wide- 
spread opinion  now  pervading  the  American  mind,  that  collegiate 
education  is  radically  defective.  He  saw  and  felt,  what  so  many 
others  are  beginning  to  see  and  feel,  that  man  was  made  to  study 
Nature ;  that  physical  science  has  become  a  positive  necessity  in  any 
enlightened  scheme  of  instruction ;  that  the  hitherto  undisputed  sway 
of  mere  language,  of  quiddities  and  verbal  subtilties,  has  passed  away. 
In  a  word,  in  Abbott  Lawrence  the  fundamental  idea  was  made  incar- 
nate, that  men,  to  be  men,  must  study  not  only  toords^  but  things. 

Mr.  Ruggles  said  that,  for  one,  he  held  the  charge  that  the  com- 
26 
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munity  in  general  was  indifferent  to  the  necessity  of  the  highest  cul- 
ture, to  be  wholly  unfounded.  On  the  contrary,  the  public  desired 
and  demanded  a  more  comprehensive  education,  one  more  suited  to 
their  best  and  highest  interests  and  necessities ;  not  a  narrow  teaching 
drawn  from  the  mouldering  cloisters  of  dark  and  bygone  ages,  but  a 
full,  fresh,  living  volume  of  instruction,  both  in  science  and  in  letters, 
enlarged,  modernized,  and  adapted  to  the  century  and  to  the  civiliza- 
tion in  which  we  are  actually  existing. 

Mr.  Ruggles  said  it  had  been  his  good  fortune  frequently  to  hear 
from  Mr.  Lawrence  full  and  animated  expositions  of  his  views  on 
this  all-important  point,  —  and  it  was  but  due  to  his  memory  now  to 
bear  testimony  to  the  strong,  manly  sense,  the  practical  sagacity,  the 
noble,  ample  patriotism,  which  he  carried  into  the  whole  subject.  His 
broad  and  enlightened  vision  had  enabled  him  to  discern  in  this  young 
empire  of  ours  a  new  people,  placed  by  the  Providence  of  God  on  a 
new  and  all  but  untrodden  continent,  here  to  build  up  a  new  world  by 
the  fullest  development  and  best  exertion  of  all  their  physical,  intel- 
lectual, and  moral  powers.  Taking  such  a  view,  bow  could  Mr. 
Lawrence  think  any  education  sufficient  or  suitable  which  should  be 
devoted  all  but  exclusively  to  languages  and  metaphysics,  and.  failed 
to  include  a  thorough  study  of  the  vast  material  Universe,  with  all  its 
varied  and  majestic  concords,  its  mighty  and  beneficent  powers  and 
agencies  ?  Convinced  of  the  wretched  short-comings  in  this  respect 
of  most  of  our  existing  colleges,  Mr.  Lawrence  founded  and  endowed, 
on  a  scale  of  requisite  amplitude,  the  Scientific  School  at  Cambridge, 
bearing  his  honored  name  ;  —  and  there  it  will  stand,  for  coming  ages, 
and  as  long  as  the  educational  history  of  our  country  shall  endure,  the 
precursor  and  model  of  kindred  establishments,  to  be  scattered  broad- 
cast throughput  our  favored  land.  It  is  not  for  this  Association  to  add 
to  the  large  and  honest  renown  of  their  lamented  patron,  associate, 
and  friend.  He  has  himself  sown  the  seed  of  his  own  ample  and 
glorious  harvest ;  for  where,  in  all  the  broad  expanse  of  our  continental 
Union,  from  the  Atlantic  to  the  Pacific,  is  there  a  community  or  ham- 
let so  small  or  remote  as  not  to  know  and  pronounce  the  name  of 
Abbott  Lawrence  as  the  most  sagacious,  patriotic,  and  munificent 
patron  of  American  science  ? 

Dr.  Wayland  could  hardly  let  these  resolutions  pass  without  rising 
to  say  a  single  word.    It  so  happened  that  Mr.  Lawrence  was  kind 
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enough  to  coaverse  with  him  on  this  subject  when  he  was  organizing 
this  School,  and  he  was  yery  much  struck,  as  his  friend  Mr.  Ruggles 
was  also,  with  the  lai^eness  of  his  views,  the  clearness  of  his  concep- 
tions, and  with  the  distinct  knowledge  that  he  had  of  what  he  was 
doing.  He  had  a  distinct  object  in  view ;  his  object  was  to  commence 
an  institution  which  should  be  a  type  of  other  institutions  that  should 
q>read  the  blessings  of  science  throughout  our  country  in  a  way  in 
which  it  had  not  before  been  spread  abroad.  He  looked  upon  him 
(Mr.  Lawrence)  as  a  type,  as  Mr.  Ruggles  had  said,  of  what  was 
to  be.  He  had  set  an  example  for  men  of  wealth  in  this  country. 
While  Boston  would  always  be  proud  of  the  name  of  Liawrence,  there 
would  be  other  Lawrences  arising  in  New  York,  in  Philadelphia,  in 
all  our  large  cities,  —  a  train  of  men  that  would  do  honor  to  the  coun* 
tiy  and  to  human  nature.  But  however  large  this  train  might  be, 
however  noble  and  however  magnanimous,  they  would  all  date  from 
the  name  of  Lawrence,  —  they  would  all  be  the  Lawrences  of  this 
country.  He  believed  that  no  honor  which  they  could  confer  would 
be  really  adequate  to  the  noble,  high-minded,  patriotic  effort  of  this 
man,  whom  all  felt  honored  by  claiming  as  their  fellow-citizen. 

Professor  Peirce  would  not  have  it  thought,  because  none  of  the 
tributes  which  had  been  paid  Mr.  Lawrence  were  from  his  own  State, 
that  he  was  not  appreciated  at  home.  He  had  been  universally  be- 
loved and  respected  in  his  own  State.  All  his  friends  and  neighbors 
felt  him  to  be  the  source  of  more  goodness  in  his  native  city  than  per- 
haps any  other  man  ever  was. 

Professor  Silliman,  senior,  as  the  oldest  member  of  this  Association, 
begged  also  to  offer  his  word  of  tribute  to  Mr.  Lawrence,  whom  he 
was  proud  to  claim  as  an  old  and  valued  friend.  Upwards  of  twenty 
years  ago,  and  while  modern  geology  had  to  contend  with  bitter  relig- 
ious prejudices,  Abbott  Lawrence  headed  the  list  of  the  intelligent 
citizens  of  Boston  willing  to  examine  the  wonders  of  Nature,  and 
adore  the  wisdom  of  the  Creator  as  exhibited  in  his  material  creation. 
Mr.  Lawrence  had  a  devout  but  fearless  spirit,  and  did  not  hesitate  to 
read  the  revelations  of  God,  as  well  in  his  works  as  in  his  Word ;  dis- 
playing in  this,  as  in  all  his  other  traits,  the  breadth  and  freedom  and 
liberality  of  his  manly  nature. 

The  Association  then  adopted  the  resolutions  unanimously,  the 
members  all  rising,  and  with  evident  emotion. 
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CONSTITUTION  OF  THE  ASSOCIATION/ 


OBJECTS. 

The  Association  shall  be  called  ^  The  American  Associa- 
tion for  the  Advancement  of  Science,"  The  objects  of  the 
Association  are  by  periodical  and  migratory  meetings,  to 
promote  intercourse  between  those  who  are  cultivating 
science  in  different  parts  of  the  United  States;  to  give 
a  stronger  and  more  general  impulse,  and  a  more  systematic 
direction  to  scientific  research  in  our  country;  and  to  pro- 
cure for  the  labors  of  scientific  men  increased  facilities  and 
a  wider  usefulness. 

MEMBERS. 

Bulb  1.  Members  of  scientific  societies,  or  learned  bodies 
having  in  view  any  of  the  objects  of  this  Association,  and 
publishing  transactions,  shall  be  considered  members  on  sub- 
scribing these  rules. 

BuiiE  2.  Collegiate  professors,  also  civil  engineers  and 
architects  who  have  been  employed  in  the  construction  or 
superintendence  of  public  works,  may  become  members  on 
subscribing  these  rules. 

Bulb  3.  Persons  not  embraced  in  the  above  provisions 
may  become  members  of  the  Association  upon  recommen- 

*  Adopted  August  25, 1856,  and  ordered  to  go  into  effect  at  the  opening  of  the 
Montreal  Meeting. 
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dation  in  writing  by  two  members,  nomination  by  the 
Standing  Committee,  and  election  by  a  majority  of  the 
members  present 

OFFICERS. 

RuLB  4.  The  officers  of  the  Association  shall  be  a  Presi- 
dent, Vice-President,  Greneral  Secretary,  Permanent  Secretary 
and  Treasurer.  The  President,  Vice-President,  General 
Secretary  and  Treasurer,  shall  be  elected  at  each  meeting 
for  the  following  one;  —  the  three  first-named  officers  not 
to  be  reeligible  for  the  next  two  meetings,  and  the  Treas- 
urer to  be  reeligible  as  long  as  the  Association  may  desire. 
The  Permanent  Secretary  shall  be  elected  at  each  second 
meeting,  and  also  be  reeligible  as  long  as  the  Association 
may  desire. 

MEETINGS. 

BuLE  5.  The  Association  shall  meet,  at  such  intervals 
as  it  may  determine,  for  one  week  or  longer  —  the  time  and 
place  of  each  meeting  being  determined  by  a  vote  of  the 
Association  at  the  previous  meeting;  and  the  arrange- 
ments for  it  shall  be  intrusted  to  the  officers  and  the  Local 
Committee. 

STANDINO  COMMITTEB. 

Rule  6.  There  shall  be  a  Standing  Committee,  to  consist 
of  the  President,  Vice-President,  Secretaries,  and  Treasurer 
of  the  Association,  the  officers  of  the  preceding  year,  the 
permanent  chairmen  of  the  Sectional  Committees,  after 
these  shall  have  been  organized,  and  six  members  present 
from  the  Association  at  large  who  shall  have  attended  any 
of  the  previous  meetings,  to  be  elected  upon  open  nomina- 
tion by  ballot  on  the  first  assembling  of  the  Association. 
A  majority  of  the  whole  number  of  votes  cast  to  elect  The 
Greneral  Secretary  shall  be  Secretary  of  the  Standing  Com- 
mittee. 

The  duties  of  the  Standing  Committee  shall  be, — 
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I.  To  assign  papers  to  the  respective  sections. 

-  2.  To  arrange  the  scientific  business  of  the  general  meet- 
ings, to  suggest  topics  and  arrange  the  programmes  for  the 
evening  meetings. 

3.  To  suggest  to  the  Association  the  place  and  time  of  the 
next  meeting. 

4.  To  examine,  and,  if  necessary,  to  exclude  papers. 

5.  To  suggest  to  the  Association  subjects  for  scientific 
reports  and  researches. 

6.  To  appoint  the  Local  Committee. 

7.  To  have  the  general  direction  of  publications. 

8.  To  manage  any  other  general  business  of  the  Associa- 
tion during  the  session,  and  during  the  interval  between  it 
and  the  next  meeting. 

9.  In  conjunction  with  four  firom  each  section,  to  be 
elected  by  the  sections  for  the  purpose,  to  make  nomina- 
tions of  officers  of  the  Association  for  the  following  meeting. 

10.  To  nominate  persons  for  admission  to  membership. 

II.  Before  adjourning,  to  decide  which  papers,  discussions, 
or  other  proceedings  shall  be  published. 

SECTIONS. 

RuLB  7.  The  Association  shall  be  divided  into  two  Sec- 
tions, and  as  many  sub- Sections  as  may  be  necessary  for  the 
scientific  business,  the  manner  of  division  to  be  determined 
by  the  Standing  Committee  of  the  Association.  The  two 
Sections  may  meet  as  one. 

SECTIONAL  OFFIOBRS  AND   COMMITTEES. 

Rule  8.  On  the  first  assembling  of  the  Section,  the  mem- 
bers shall  elect  upon  open  nomination  a  permanent  chairman 
and  secretary,  also  three  other  members  to  constitute  with 
these  officers  a  Sectional  Committee. 

The  Section  shall  appoint,  firom  day  to  day,  a  chairman  to 
preside  over  its  meetings. 

Rule  9.   It  shall  be  the  duty  of  the  Sectional  Committee 
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of  each  section,  to  arrange  and  direct  the  proceedings  in 
their  Section ;  to  ascertain  what  communications  are  offered; 
to  assign  the  order  in  which  these  communications  shall 
appear,  and  the  amount  of  time  which  each  shall  occupy- 

The  Sectional  Committees  may  likewise  recommend  sub- 
jects for  systematic  investigation  by  members  willing  to 
undertake  the  researches,  and  to  present  their  results  at 
the  next  meeting. 

The  Sectional  Committees  may  likewise  recommend  re- 
ports on  particular  topics  and  departments  of  science,  to  be 
drawn  up  as  occasion  permits,  by  competent  persons,  and 
presented  at  subsequent  meetings. 

REPORTS   OP  PROCEEDINGS. 

Rule  10.  Whenever  practicable,  the  proceedings  shall  be 
reported  by  professional  reporters  or  stenographers,  whose 
reports  are  to  be  revised  by  the  secretaries  before  they 
appear  in  print 

PAPERS  AND   COMMUNICATIONS. 

BuLE  11.  No  paper  shall  be  placed  in  the  programmci 
unless  admitted  by  the  Sectional  Committee;  nor  shall 
any  be  read,  unless  an  abstract  of  it  has  been  previously 
presented  to  the  Secretary  of  the  Section,  who  shall  furnish 
to  the  chairman  the  titles  of  papers  of  which  abstracts  have 
been  received. 

Bulb  12.  The  author  of  any  paper  or  communication  shall 
be  at  liberty  to  retain  his  right  of  property  therein,  provided 
he  declare  such  to  be  his  wish  before  presenting  it  to  the 
Association. 

Rule  13.  Copies  of  all  communications,  made  either  to 
the  General  Association  or  to  the  Sections,  must  be  fur- 
nished by  the  authors ;  otherwise  only  the  titles  or  abstracts 
shall  appear  in  the  published  proceedings. 

Rule  14.  All  papers,  either  at  the  general  or  in  the 
Sectional  meetings,  shall  be  read,  as  far  as  practicable,  in 
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the  order  in  which  they  are  entered  upon  the  books  of  the 
Association;  except  that  those  which  may  be  entered  by 
a  member  of  the  Standing  Committee  of  the  Association 
shall  be  liable  to  postponement  by  the  proper  Sectional 
Committee. 

Rule  15.  If  any  communication  be  not  ready  at  the 
assigned  time,  it  shall  be  dropped  to  the  bottom  of  the 
list,  and  shall  not  be  entitled  to  take  precedence  of  any 
subsequent  communication. 

Rule  16.  No  exchanges  shall  be  made  between  members 
\7ith0ut  authority  of  the  respective  Sectional  Committees. 

GENERAL  AND  EVENINO  MEETINaS. 

Rule  17.  The  Standing  Committee  shall  appoint  any 
general  meeting  which  the  objects  and  interests  of  the 
Association  may  call  for,  and  the  evenings  shall,  as  a  rule, 
be  reserved  for  general  meetings  of  the  Association. 

These  general  meetings .  may,  when  convened  for  that 
purpose,  give  their  attention  to  any  topics  of  science  which 
'would  otherwise  come  before  the  Sections. 

It  shall  be  a  part  of  the  business  of  these  general  meetings 
to  receive  the  Address  of  the  President  of  the  last  meeting ; 
to  hear  such  reports  on  scientific  subjects  as,  from  their 
general  importance  and  interests,  the  Standing  Committee 
shall  select;  also  to  receive  from  the  chairmen  of  the  Sections 
abstracts  of  the  proceedings  of  their  respective  Sections ;  and 
to  listen  to  communications  and  lectures  explanatory  of  new 
and  important  discoveries  and  researches  in  science,  and  new 
inventions  and  processes  in  the  arts. 

ORDER  OP  PROCEEDINGS  IN   ORGANIZINO  A  MEETING. 

Rule  18.  The  Association  shall  be  called  to  order  by 
the  President  of  the  preceding  meeting,  and  this  officer 
having  resigned  the  chair  to  the  president  elect,  the  general 
Secretary  shall  then  report  the  number  of  papers  relating 
to   each   department  which   have   been  registered,  and  the 
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Association  consider  the  most  eligible  distribution  into 
Sections,  when  it  shall  proceed  to  the  election  of  the 
additional  members  of  the  Standing  Committee  in  the 
manner  before  described;  the  meeting  shall  then  adjourn, 
and  the  Standing  Committee,  having  divided  the  Associa- 
tion into  Sections  as  directed,  shall  allot  to  each  its  place 
of  meeting  for  the  Session.  The  Sections  shall  then 
organize  by  electing  their  officers  and  their  representa- 
tives in  the  Nominating  Committee  and  shall  proceed  to 
business. 

PERMANENT   SECRETARY. 

Rule  19.  It  shall  be  the  duty  of  the  Permanent  Secretary 
to  notify  members  who  are  in  arrears,  to  provide  the  nec- 
essary stationery  and  suitable  books  for  the  list  of  members 
and  titles  of  papers,  minutes  of  the  general  and  sectional 
meetings,  and  for  other  purposes  indicated  in  the  rules,  and 
to  execute  such  other  duties  as  may  be  directed  by  the 
Standing  Committee  or  by  the  Association. 

The  Permanent  Secretary  shall  make  a  report  annually 
to  the  Standing  Committee,  at  its  first  meeting,  to  be  laid 
before  the  Association,  of  the  business  of  which  he  has  had 
charge  since  its  last  meeting. 

All  members  are  particularly  desired  to  forward  to  the 
Permanent  Secretary,  so  as  to  be  received  before  the  day 
appointed  for  the  Association  to  convene,  complete  titles  of 
all  the  papers  which  they  expect  to  present  during  its  meet- 
ing, with  an  estimate  of  the  time  required  for  reading  each, 
and  such  abstracts  of  their  contents  as  may  give  a  general 
idea  of  their  nature. 

Whenever  the  Permanent  Secretary  notices  any  error  of 
fact  or  unnecessary  repetition,  or  any  other  important  defect 
in  the  papers  communicated  for  publication  in  the  proceed- 
ings of  the  Association,  he  is  authorized  to  commit  the  same 
to  the  author,  or  to  the  proper  sub-committee  of  the  Standing 
Committee  for  correction. 
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LOCAL   COMMITTEE. 

Rule  20.  The  Local  Committee  shall  be  appointed  from 
among  members  residing  at  or  near  the  place  of  meeting 
for  the  ensuing  year;  and  it  shall  be  the  duty  of  the  Local 
Committee,  assisted  by  the  officers,  to  make  arrangements 
and  the  necessary  announcements  for  the  meeting. 

The  Secretary  of  the  Local  Committee  shall  issue  a 
circular  in  regard  to  the  time  and  place  of  meetings,  and 
other  particulars,  at  least  one  month  before  each  meeting. 

SUBSCRIPTIONS. 

Bulb  21.  The  amount  of  the  subscription,  at  each  meeting, 
of  each  member  of  the  Association  shall  be  two  dollars,  and 
one  dollar  in  addition  shall  entitle  him  to  a  copy  of  the  pro- 
ceedings of  the  annual  meeting.  These  subscriptions  shall 
be  received  by  the  Permanent  Secretary,  who  shall  pay 
them  over,  after  the  meeting,  to  the  Treasurer. 

No  person  shall  be  considered  a  member  of  the  Association 
until  the  subscription  for  the  meeting  at  which  he  is  elected 
has  been  paid. 

Rule  22.  The  names  of  all  persons  two  years  in  arrears 
for  annual  dues  shall  be  erased  from  the  list  of  members ; 
provided  that  two  notices  of  indebtedness,  at  an  interval 
of  at  least  three  months,  shall  have  been  previously  given. 

ACCOUNTS. 

SuLE  23.  The  accounts  of  the  Association  shall  be  audited 
annually,  by  auditors  appointed  at  each  meeting. 

ALTERATIONS   OF   THE   CONSTITUTION. 

Rule  24.  No  article  of  this  constitution  shall  be  altered, 
or  amended,  or  set  aside,  without  the  concurrence  of  three 
fourths  of  the  members  present,  and  unless  notice  of  the 
proposed  change  shall  have  been  given  at  the  preceding 
annual  meeting. 


RESOLUTIONS  AND  ENACTMENTS 


PERMANENT  AND  PROSPECTIVE  CHARACTER, 


PASSED  PRKVIOUS  TO  THE  TENTH  MEETING. 


Sesohed,  That  a  manual  or  mantials  of  scientific  observation  and 
research^  especially  adapted  to  the  use  of  the  American  inquirer, 
comprising  directions  for  properly  observing  phenomena  in  every 
department  of  physical  science,  and  for  making  collections  in  natural 
history,  etc,  whether  on  land  or  at  sea,  is  much  needed  at  the  present 
time;  and  that  such  a  publication,  placed  in  the  hands  of  officers 
of  the  army  and  navy,  would  greatly  tend  to  develop  the  natural 
resources  of  our  extended  country,  and  to  the  general  advancement 
of  science. 

Resolved,  That  the  American  Association  for  the  Advancement 
of  Science  cordially  recommends  the  Smithsonian  Institution  to 
undertake  the  preparation  of  such  a  volume,  under  the  editorial 
superintendence  of  its  Secretary,  to  be  published  in  its  series  of 
reports. 

Resolved,  That  this  Association  will  cordially  cooperate  in  ^he 
production  of  such  a  manual  or  manuals,  in  whatever  manner  may 
be  best  adapted  to  secure  the  end  in  view. 

{Proceedings  Second  Meeting,  1849,  pp.  278,  351.) 

Resolved,  That  a  copy  of  the  printed  volume  of  Proceedings  of  the 
Meetings  at  Philadelphia,  Cambridge,  and  New  Haven  be  presented 
to  the  libraries  of  Harvard  and  Yale. 

{Proceedings  Fourth  Meeting,  1850,  p.  346.) 


RESOLUTIONS  AND   ENACTMENTS.  ZXl 

Resolvedj  That  the  Treasurer  be  requested  to  retain  $300  of  the 
funds  in  his  hands,  and  belonging  to  the  Association,  for-  the  purpose 
of  paying  the  salary  of  the  Permanent  Secretary ;  said  payment  to  be 
made  at  such  time,  and  in  such  manner,  as  may  be  agreed  upon  by 
the  Treasurer  and  Permanent  Secretary. 

Resolved^  That  copies  of  the  Proceedings  of  the  American  Asso- 
ciation be  presented  to  the  New  York  Lyceum  and  the  Philadelphia 
Academy  of  Natural  Sciences. 

{Proceedings  Fourth  Meeting^  1850,  pp.  390,  391.) 

Eesolvedy  That  copies  of  the  Proceedings  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  be  presented  to  the  American 
Academy  of  Arts  and  Sciences,  Boston;  to  the  Boston  Society  of 
Natural  History ;  to  the  New  York  Lyceum  of  Natural  History ;  to 
the  American  Philosophical  Society  and  to  the  Academy  of  Natural 
Sciences  of  Philadelphia ;  to  the  Smithsonian  Institution ;  and  to  the 
Western  Academy  of  Natural  Sciences  at  Cincinnati. 

(Proceedings  Fifth  Meeting,  1851,  p.  249.) 

Resohed^  That  the  names  of  those  only  shall  be  entered  in  the  Hst 
of  members  who  shall  have  signified  their  acceptance. 

{Proceedings  Seventh  Meeting,  1853.) 

Resohedy  That  a  sum  not  exceeding  seventy-five  dollars  shall  be 
paid  to  the  I^ermanent  Secretary,  to  defray  the  expenses  necessary 
for  attending  each  meeting  of  the  Association. 

{Proceedings  Seventh  Meeting,  1853.) 
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Ruolvedj  That  the  following  members  be  reqaested  to  report  on  the 
subjects  respectively  assigned  to  them,  viz. : — 

Prof.  A.  D.  Bache.  On  Recent  Additions  to  our  Enowledge  of  Ae 
Theory  of  Tides. 

Profl  Joseph  Henbt.  On  Recent  Additions  to  our  Knowledge  of  As 
Laws  of  Atmospheric  Electricity, 

Prof.  James  Hall.  On  Recent  Additions  to  our  Knowledge  of  the 
Paleozoic  Rocks. 

Prof.  J.  L.  Smith.     On  the  Recent  Progress  of  JURcro- Chemistry. 

Prof.  WoLCOTT  GiBBS.  On  the  Recent  Progress  of  Organic  Chem- 
istry.   (This  Report  was  made  at  the  Providence  Meeting.) 

Dr.  Joseph  Leidt.  On  the  Remains  of  Fossil  Reptiles  and  Mam- 
mals  in  North  America. 

Prof.  Benjamin  Peirob.  On  the  Present  State  of  the  Theory  of 
Planetary  Perturbations. 

Dr.  W.  L  BuBNET.  On  Recent  Advances  in  Anatomy  and  Physi- 
ology. 

Prof.  J.  D.  Dana.  On  the  Geographical  Distribution  of  the  Lower 
Animals. 

Prof.  Louis  Aoassiz.  On  the  History  of  our  Knowledge  ofAUema- 
tion  of  Generation  in  Animals. 

Prof.  S.  S.  Haldeman.  On  the  Present  State  of  our  Knowledge  of 
Linguistic  Ethnology.  (This  Report  was  made  at  the  Albany 
Meeting.) 

Dr.  B.  A.  Gould,  Jr.  On  the  Progress  and  Developments  of  the 
Electro-  Chronographic  Method  of  Observation. 

(Proceedings  Seventh  Meeting^  1853.) 
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Rogers,  William  F.,  Philadelphia  [10]. 
Rood,  Ogden  N.,  New  Haven,  Connecticut  [?]• 
Roome,  Martin  R,  New  York  [10]. 
Ruggles,  Prof.  William,  Washington,  D.  C  [8]. 
Runkle,  J.  D.,  Esq.,  Cambridge,  Massachusetts  [2]. 
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Safibrd,  Prof.  J,  M.,  Lebanon,  Tennessee  [G]. 

Sager,  Prof.  Abraham,  Ann  Arbor,  Michigan  [6]. 

Sanford,  R.  K.,  Riga,  New  York  [7]. 

Sargent,  Rufus,  Auburn,  New  York  [10]. 

Savage,  Thomas  S.,  Pass  Christian,  Mississippi  [10]. 

Saville,  Henry  M.,  Syracuse,  New  York  [10]. 

Saxton,  Joseph  D.,  Esq.,  Washington,  D.  C.  [1]. 

Scarborough,  Rev.  George,  Owensburg,  Kentucky  [2]. 

Schaeffer,  Prof.  George  C,  Washington,  D.  C.  [1]. 

Schank,  Dr.  J.  Stilwell,  Princeton,  New  Jersey  [4]. 

Schnee,  Alexander,  Madison,  Wisconsin  [10]. 

Schoolcraft,  Henry  R,  Washington,  D.  C.  [7]. 

Schott,  Arthur  C.  V.,  Washington,  D.  C.  [8]. 

Schott,  Charles  A.,  Wellington,  D.  C.  [8]. 

Selden,  George  M.,  Esq.,  Troy,  New  York  [6]. 

Seropyan,  Christopher,  New  Haven,  Connecticut  [10]. 

Sessions,  Rev.  «Tohn,  Albany  [6]. 

Sestini,  Prof.  Benedict,  Georgetown,  D.  C.  [8]. 

Seward,  Hon.  William  H.,  Auburn,  New  York  [1]. 

Shaefer,  P.  W.,  Potteville,  Pennsylvania  [4]. 

Shaffer,  David  H.,  Cincinnati,  Ohio  [7]. 

Shane,  J.  D.,  Lexington,  Kentucky  [7]. 

Shaw,  Edward,  Washington,  D.  C.  [9]. 

Sheldon,  D.  H.,  Racine,  Wisconsin  [10]. 

Shepard,  Prof.  C.  U.,  New  Haven,  Connecticut  [4]. 

Shippen,  William,  Washington,  D.  C.  [8]. 

Shumard,  B.  F.,  M.  D.,  St.  Louis,  Missouri  [7]. 

Sias,  Solomon,  Fort  Edwards,  New  York  [10]. 

Sill,  Hon.  Elisha,  Cuyhaoga  Falls,  Ohio  [6]. 

Siliiman,  Prof.  Benjamin,  New  Haven,  Connecticut  [1]. 

Silliman,  Prof.  Benjamin,  Jr.,  New  Haven,  Connecticut  [1]. 

Skilton,  Dr.  Avery  J.,  Troy,  New  York  [6]. 

Skinner,  George  W.,  M.  D.,  Little  Falls,  New  York  [10]. 

Smallwood,  Charles,  M.  D.,  St.  Martin,  Isle  Jesus,  Canada  East[7]< 

Smith,  Prof.  Augustus  W.,  Middletown,  Connecticut  [4]. 

Smith,  Capt.  E.  R.,  U.  S.  A.  [8]. 

Smith,  Prof.  Francis  H.,  Charlottesville,  Virginia  [9]. 
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Smith,  George,  Upper  Darby,  Delaware  Co.,  FenDSjlvania  [7]. 
Smith,  James  Y.,  Providence  [9]. 
Smith,  J.  Bryant,  M.  D.,  New  York  [7]. 
Smith,  Prof.  J.  Lawrence,  jLouisville  [1]. 
Smith,  Dr."  Lyndon  A-,  Newark,  New  Jersey  [9], 
♦Smith,  J.  v.,  Esq.,  Cincinnati,  Ohio  [5]. 
Smith,  Metcalf  J.,  M'Granville,  N.  Y.  [10]. 
Smith,  Sanderson,  New  York  [9]. 
Snell,  Prof.  Eben  S.,  Amherst,  Massachusetts  [2], 
Snow,  Charles  B.,  Washington,  D.  C.  [8]. 
Snow,  Edwin  M.,  M.  D.,  Providence  [9]. 
Sparks,  Jared,  Cambridge,  Massachusetts  [2], 
Spear,  C.  V.,  Pittsfield,  Massachusetts  [10], 
Spencer,  Thomas,  Philadelphia  [8]. 
Sprague,  Charles  Hill,  Maiden,  Massachusetts  [7]. 
Stanard,  Benjamin  A.,  Esq.,  Cleveland,  Ohio  [6]. 
Starr,  William,  Ceresco,  Wisconsin  [10]. 
Steams,  Eben  S.,  Albany  [10]. 
Stearns,  Josiah  A.,  Boston  [10]. 

Stebbins,  Rev.  Rufus  P.,  Cambridge,  Massachusetts  [2]. 
Steele,  Samuel,  Albany  [10]. 
Steiner,  Dr.  Lewis  H.,  Baltimore,  Maryland  [7]. 
Stetson,  Charles,  Cincinnati,  Ohio  [4]. 
Stevens,  Prof.  M.  C,  Richmond,  Indiana  [9]. 
Stevens,  Robert  P.,  M.  D.,  Ceres,  Alleghany  Co.,  New  York  [7], 
Stewart,  Prof.  William  M.,  Clarksville,  Tennessee  [7], 
Stillman,  Dr.  C.  H.,  Plainfield,  New  Jersey  [8], 
Stillman,  Dr.  J.  D.  B.,  New  York  [8]. 
Stillman,  Thomas  B.,  New  York  [8]. 
Stone,  Rev.  Edwin  M.,  Providence  [9]. 
Storer,  Dr.  D.  H.,  Boston  [1]. 
Street,  Alfred  B.,  Albany  [10]. 
Sturtevant,  Pres.  J.  M.,  Jacksonville,  Illinois  [10], 
Suckley,  Dr.  George,  U.  S.  A.  [9]. 
Sullivant,  William  S.,  Columbus,  Ohio  [7]. 
Sumner,  George,  Boston  [8]. 
Sutherland,  Prof.  William,  Montreal,  Canada  [6]. 
Swallow,  G.  C,  Columbia,  Missouri  [10]. 
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Swan,  Gen.  Lansing  B.,  Rochester,  New  York  [8]. 
Sweeney,  Peter,  Buffalo,  New  York  [10]. 
Swinburne,  John,  Albany  [6]. 

T. 

Tabor,  Azor,  Albany  [6]. 

Talcott,  Andrew,  Cincinnati,  Ohio  [7]. 
♦Tallmadge,  Hon.  James,  New  York  [1]. 

Tappan,  Chancellor  H.  P.,  Ann  Arbor,  Michigan  [10]. 

Tatlock,  Prof.  John,  Williamstown,  Massachusetts  [10]. 

Tatum,  Joel  H.,  Baltimore,  Maryland  [10]. 

Taylor,  George  W.,  Albany  [10]. 

Taylor,  Dr.  Julius  S.,  Carrolton,  Montgomery  Co..,  Ohio  [1]. 

Taylor,  Morse  K.,  M.  D.,  Galesburg,  Knox  Co.,  Illinob  [7]. 
^Taylor,  Richard  C,  Esq.,  Philadelphia  [1]. 

Tefft,  Thomas  A.,  New  York  [9]. 
♦Teschemacher,  J.  E.,  Esq.,  Boston  [1]. 

Tevis,  Robert  C,  Esq.,  Shelbyville,  Kentucky  [5]. 

Thomas,  William  A.,  Irvington,  N.  Y.  [10]. 

Thomas,  Prof.  W.  H.  B.,  Philadelphia  [9]. 

Thompson,  Dr.  Alexander,  Aurora,  New  York  [6]. 

Thompson,  Aaron  R.,  New  York  [1]. 

Thompson,  John  A.,  M.  D.,  Cayuga,  New  York  [10]. 

Thompson,  Dr.  J.  W.,  Wilmington,  Delaware  [9]. 

Thompson,  John  Edgar,  Esq.,  Philadelphia  [1]. 
♦Thompson,  Rev.  Z.,  Burlington,  Vermont  [1]. 

Thorn,  James,  M.  D.,  Troy,  New  York  [10]. 

Thurber,  George,  Esq.,  New  York  [1]. 

Thurber,  Isaac,  Providence  [9]. 

Tobey,  Dr.  Samuel  B.,  Providence  [9]. 

Torrey,  Dr.  John,  New  York  [1]. 

Torrey,  Prof.  Joseph,  Burlington,  Vermont  [2]. 

Totten,  Gen.  J.  G.,  U.  S.  A.,  Washington,  D.  C.  [1]. 

Town,  Salem,  Aurora,  New  York  [7]. 

Townsend,  Hon.  Franklin,  Albany  [4]. 

Townsend,  Dr.  Howard,  Albany  [10]. 
•Townsend,  John  K.,  Esq.,  Philadelphia  [1]. 

Townsend,  Robert,  Albany  [9]. 
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•Troost,  Dr.  Grerard,  Nasbville,  Tennessee  [1]. 

Trowbridge,  Prof.  W.  P.,  Ann  Arbor,  Michigan  [10]. 

Truesdell,  Samuel,  New  York  [10]. 

TrambuU,  James  H.,  Esq.,  Hartford,  Connecticut  [4]. 
•Tuomey,  Prof.  M.,  Tuscaloosa,  Alabama  [1]. 

Tumbull  Lawrence,  Philadelphia  [10]. 

Turner,  WiUiam  W.,  Washington,  D.  C.  [7]. 

Tuthill,  Franklin,  M.  D.,  New  York  [8]. 
•Tyler,  Rev.  Edward  R,  New  Haven,  Connecticut  [1]. 

Tyler,  Ranson  H.,  Fulton,  New  York  [10]. 


Vail,  Prof.  Hugh,  Haverfbrd,  Pennsylvania  [8]. 
Vancleve,  John  W.,  Dayton,  Ohio  [1]. 
Van  Duzee,  William  S.,  M.  D.,  Buffiilo,  New  York  [7]. 
Van  Derpool,  S.  Oakley,  Albany,  New  York  [9]. 
Van  Pelt,  Wm.,  M.  D.,  Williamsville,  Erie  Co.,  New  York  [7]. 
•Vanuxem,  Lardner,  Esq.,  Bristol,  Pennsylvania  [1]. 
Van  Vleck,  J.  M.,  Middletown,  Connecticut  [9]. 
Vaughan,  Daniel,  Esq.,  Cincinnati,  Ohio  [5]. 
Vaux,  William  S.,  Esq.,  Philadelphia  [1]. 
Verreau,  H.  A.  B.,  Montreal,  Canada  [10]. 

W. 

Wadsworth,  James  S.,  Esq.,  Genesee,  New  York  [2]. 

Wagner,  Tobias,  PhUadelphia  [9]. 

Walker,  Rev.  Jas.  B.,  Mansfield,  Ohio  [7]. 

Walker,  Joseph,  Oxford,  New  York  [10]. 
•Walker,  Sears  C,  Esq.,  Washington,  D.  C.  [1]. 
•Walker,  Hon.  Timothy,  Cincinnati,  Ohio  [4]. 

Walling,  Henry  F.,  Providence  [9]. 

Walworth,  Reuben  H.,  Saratoga,  New  York  [10]. 

Warder,  Dr.  J.  A.,  Cincinnati,  Ohio  [4]. 
•Warren,  Dr.  John  C,  Boston  [1]. 

Wayland,  Dr.  Francis  P.,  Providence  [9]. 

Wayne,  Rev.  Benjamin,  New  Orleans  [10]. 

Webber,  Dr.  Samuel,  Charlestown,  New  Hampshire  [1]. 
•Webster,  H.  B.,  Esq.,  Albany  [1]. 
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*Webster,  Dr.  J.  W.,  Cambridge,  Massachusetts  [1]. 
•Webster,  M.  H.,  Esq.,  Albany  [1]. 

Webster,  Nathan  B.,  Portsmouth,  Virginia  [7]. 

Webster,  William  F.,  Providence  [9], 

Weed,  Monroe,  Esq.,  Wyoming,  New  York  [6]. 

Weinland,  D.  F.,  Cambridge,  Massachusetts  [10]. 

Welch,  John,  Newark,  New  Jersey  [10]. 

Wells,  David  A.,  New  York  [2]. 

Wells,  Dr.  Thomas,  New  Haven,  Connecticut  [4]. 

Wescott,  Rev.  Isaac,  New  York  [8]. 

West,  Charles  E.,  Esq.,  Buffalo,  New  York  [1]. 

Wetherell,  Prof.  L.,  Legrange,  Kentucky  [2]. 

Weyman,  G.  W.,  Esq.,  Pittsburgh,  Pennsylvania  [6]. 

Wheatland,  Dr.  Henry,  Salem,  Massachusetts  [1]. 

Wheatley,  Charles  M.,  New  York  [1]. 

Whipple,  J.  E.,  Lansingburg,  New  York  [10]. 

Whipple,  W.,  Adrian,  Michigan  [7]. 

Whitoomb,  Joseph  M.,  Salem,  New  York  [10]. 

White,  Aaron,  Cazenovia,  New  York  [10]. 

White,  Charles,  Crawfordsville,  Indiana  [10]. 

White,  Horace,  Chicago,  Illinois  [10]. 

Whitney,  Asa,  Esq.,  Philadelphia  [1]. 

Whitney,  J.  D.,  Esq.,  Northampton,  Massachusetts  [1]. 

Whittlesey,  Charles,  Cleveland,  Ohio  [1]. 

Wilder,  Alexander,  Albany  [10]. 

Wilder,  L.,  Esq.,  Hoosick  Falls,  New  York  [1]. 

Wilkes,  Capt.  Charles,  U.  S.  N.,  Washington,  D.  C.  [1]. 

Willard,  Samuel,  Lima,  New  York  [10]. 

Williams,  Dr.  Abraham  V.,  New  York  [9]. 

Williams,  Prof.  L.  D.,  Meadville,  Pennsylvania  [6]. 

Williams,  Dr.  P.  O.,  Watertown,  St.  Lawrence  Co.,  N.  Y.  [6]. 

Williams,  Samuel  Wells,  Canton,  China  [10]. 

Williams,  W.  F.,  Mosul,  Turkey  [10]. 

Wills,  Frank,  New  York  [9]. 

Wilson,  Prof.  Daniel,  Toronto,  Canada  [10]. 

Winchell,  Prof.  Alexander,  Ann  Arbor,  Michigan  [3]. 

Winlock,  Prof.  Joseph,  Cambridge,  Massachusetts  [5]. 

Winslow,  John  F.,  Troy,  New  York  [10]. 
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Winslow,  C.  F.,  Troy,  New  York  [10]. 

Woodbridge,  George  A.,  Auburndale,  Massachusetts  [10]. 
♦Woodbury,  Hon.  L.,  Portsmouth,  New  Hampshire  [1]. 

Woolworth,  Hon.  S.  B^  Albany  [10]. 

Worcester,  Dr.  Joseph  E.,  Cambridge,  Massachusetts  [2]. 

Worthen,  A.  H.,  Warsaw,  Illinois  [10]. 

Wright,  Charles,  Wethersfield,  Connecticut  [10]. 
.  Wright,  Chauncey,  Cambridge,  Massachusetts  [9]. 
♦Wright,  Dr.  John,  Troy,  New  York  [1]. 

Wurtz,  Henry,  Trenton,  New  Jersey  [10]. 

Wyman,  Prof.  Jeffries,  Cambridge,  Massachusetts  f  10]. 

Wynne,  Dr.  James,  Baltimore  [8]. 

Wynne,  Thomas  H.,  Richmond,  Virginia  [8]. 

Y. 

Yamell,  Prof.  M.,  U.  S.  A.  [8]. 

Youmans,  E.  L.,  Esq.,  Saratoga  Springs,  New  York  [6]. 

Young,  Prof.  Ira,  Hanover,  New  Hampshire  [7]. 

The  abore  list  contains  sejen  hundred  and  eightj-fonr  names,  of  which  sixty-two 
are  of  deceased  members. 
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Allen,  Jerome,  Bnbnqne,  Iowa. 

Allen,   Nathaniel  T.,   West  Newton, 
Mass. 

Allen,  R.  L.,  Saratoga  Springs,  N.  Y. 

Ames,  Bemice  D.,  Fort  Edward,  N.  Y. 

Anderson,  M.  B.,  Rochester,  N.  Y. 

Armoar,  A.  H.,  Toronto,  Canada. 

Baldwin,  F.  H.,  Waverley,  N.  Y. 

Barber,  Edgar  A.,  Albany. 
*Bamston,  Dr.  James,  Montreal,  Can. 

Beadle,  E.  R.,  Hartford,  Conn. 

Benedict,  Erastns  C,  New  York. 
♦Benedict,  Dr.  N.  B.,  New  Orleans. 

Bennett,  Joseph,  Albany. 

Bent,  Silas,  U.  8.  N.,  New  York. 

Binkerd,  F.  8.,  Germantown,  Ohio. 
♦Blockie,  Dr.  G.  8.,  Edinburgh,  Scot. 

Blake,  J.  R.,  Greensboro',  Ga. 

Bolton,  James,  Richmond,  Va. 

Bradford,  G.  W.,  Homer,  N.  Y. 
♦Briinnow,  F.,  Ann  Arbor,  Mich. 

Bulklev,  John  W.,  Brooklyn,  N.  Y. 

Ballard,  Edward  F.,  Waterford,  N.  Y. 

Butler,  Thos.  B.,  Norwalk,  Conn. 

Cameron,  Daniel,  Johnstown,  N.  Y. 

Campbell,  John,  New  York. 

Cavert,  M.  P.,  Amsterdam,  N.  Y. 
♦Cbadboome,    P.    A.,  Wiiliamstown, 
Mass. 

Chamberlain,  Frank,  Albany. 
♦Chauveau,  Pierre  J.   O.,    Montreal, 

Canada. 
♦Church,  A.  E.,  West  Point,  N.  Y. 

Clark,  Lester  M.,  Canandaigna,  N.  Y. 

Cole,  Scth  p.,  Albany. 

Comfort,  H.  F.,  Middletown,  Conn. 

Conger,  A.  B.,  Havcratown,  N.  Y. 

Cooley,  J.  E.,  New  York. 
♦Cooper,  Dr.  J.  G.,  Orange,  N.  J. 

Cottle,  T.  J.,  Woodstock,  Canada. 


Cox,  Samnel  H.,  New  York. 

Crandall,  Pardon  8.,  Troy,  N.  Y. 

Crosby,  Alphens,  Hanover,  N.  H. 

Cruikshank,  James,  Albany. 

Dakins,  Francis  £.,  Albany. 

Davidson,  Robert,  New  Brunswick, 

N.J. 
♦Davies,    Charles,   FishkiU  Landing, 
N.  Y. 

Dawson,  J.  W.,  Montreal,  Canada. 

Delavan,  Edward  C,  Albieiny. 

Devol,  Charles,  Albany. 

Dexter,  George,  Albany. 

Dickinson,  John  W.,  Westfield,  Mast. 
♦Diehl,  Israel,  Sacramento,  Cal. 

Doremus,  R.,  Ogden,  N.  Y. 

Downes,  John,  Washington,  D.  C. 

Duffield,  George,  Detroit,  Midi. 

Duncan,  Lucius  C,  New  Orleans. 

Dwmelle,  William  H.,  New  York. 

Dyer,  David,  Albany. 

Edmundson,  Thomas,  Baltimore. 

Edwards,  Richard,  Salem,  Mass. 

Elderhorst,  William,  Troy,  N.  Y. 

Elliot,  Ezekiel  B.,  Boston. 

Estes,  D.  C,  Albany. 

Fairfield,  J.  W.,  Hudson,  N.  Y. 

Fellows,  Joseph,  Albany. 

Field,  Roswetl,  Greenfield,  Mass. 

Fisher,  Mark,  Trenton,  N.  J. 
♦Fisk,  L.  R.,  Ypsilanti,  Mich. 

Flanagan,  J.,  Montreal,  Canada. 

Flint,  Lvman  D.,  Concord,  N.  H. 

Foote,  iSljsha,  Seneca  Falls,  N.  Y. 

Fowler,  Asa,  Concord,  N.  H. 

Freeman,  Samuel  H.,  Albany. 

Fristoe,  E.  P.,  Washington,  D.  C. 

Frothingham,  Washington,  Albany. 

Gardner,  James  8.,  Whitestown,  N.  T. 
♦Garrigues,  Dr.  8.  8.,  Philadelphia. 


♦  Those  marked  with  an  asterisk  paid  the  assessment,  and  signed  the  Constitn 
tion  without  being  formally  elected. 
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GftT,  A.  M.,  Cbarl^town,  Mass. 

Gifford,  J.  P.  S.,  Albanj. 

Gillespie,  W.  M.,  Schenectadj,  N.  T. 

Gilnian,  D.  C,  New  Haven,  Conn. 
♦Gladstone,  T.  H.,  London,  Eng. 

GlUck,  Isidor,  New  York. 

Goodrich,  Charles  S.,  New  York. 

Goodwin,  William  F.,  Concord,  N.  H. 

Green,  Everett  W.,  Madison,  N.  J. 

Green,  Horace,  New  York. 

Greene,  David  B.,  New  York. 

GrifFen,  N.  H.,  Williamstown,  Mass. 

Gravem,  Julius,  New  Haven,  Conn. 
*Gulick,  John  T.,  Williamstown,  Mass. 

Hadlej,  Amos,  Concoi^,  N.  H. 

Hale,  Albert  W.,  Albany. 

Hall,  Archibald,  Montreal,  Canada. 

Ham,  L.  J.,  Williamsville,  N.  Y. 

Hamlin,  Augustus  C,  Bangor,  Me. 

Handy,  Isaac  W.  K.,  Portsmouth,  Va. 

Harrequi,  Jose  Salazar,  Minerra,  Mex- 
ico. 

Hathaway,  Charles,  Delhi,  N.  Y. 

Headley,  William  S.,  Albany. 

Heffron,  Daniel  S.,  Utica,  N.  Y. 

Hext,  G.,  Oxford,  England. 

Hicks.  Levi  I.,  Walworth,  N.  Y. 

Hill,  Nathaniel  P.,  Providence. 

Hingston,  W.  P.,  Montreal,  Canada. 

Hodgson,  W.  B.,  Savannah,  Geo. 

Homans,  Sheppard,  New  York. 

Hopkins,  James  G.,  Ogdcnsbuig,  N.  Y. 

Hopkins,  T.  0-,  Williamsville,  N.  Y. 

Horan,  E.  J.,  Quebec^  Canada. 

Horton,  C.  V.  R.,  Chaumont,  N.  Y. 

Hungerford,  Edward,  Wolcottville,  Ct. 

Hyatt,  James,  New  York.     . 

Ingham,  Albeit  C,  Madison,  Wis. 

Ives,  Thomas  Pointer,  Providence. 
♦James,  Charles  S.,  Lewisbuig,  Pcnn. 

James,  John,  Alton,  III. 

Jennings,  Needier,  New  Orleans. 

Johnson,  B.  P.,  Albanv. 

Johnston,  Christopher,  Baltimore,  Md. 

Jones,  Thomas  Walter,  Montreal,  Can. 

Joslin,  Benjamin  F.,  New  York. 

Kendall,  Joshua,  Mcadvillc,  Penn. 

Kerr,  W.  C,  Cambridge,  Mass. 

Lauderdale,  John  Y.,  Cleveland,  Ohio. 

Licber,  Francis,  Columbia,  S.  C. 
♦Loomis,  J.  R.,  Louisburg,  Penn. 

Lasher,  Robert  M.,  New  Orleans. 
♦Machin,  Thomas,  Albanv,  N.  Y. 
♦Macombcr,  D.  O.,  Middletown,  Conn. 
♦Mallet,  J.  W.,  Tuscaloosa,  Ala. 

Marcv,  0.,  Wilbrahom,  Mass. 

Marsh,  James  E.,  Roxbury,  Mass. 
♦Maupin,  S.,  Charlottesville,  Va. 

McCall,  John,  Utica,  N.  Y. 

McCoy,  Amasa,  Albany. 


McMahon,  Matthew,  Albany. 

McNaughton,  Peter,  Albany. 

Merrill,  J.  W.,  Concord,  N.  H. 

Mitchell,  Henry,  Nantucket,  Mass. 

Morange,  William  D.,  Albany. 

Moigan,  Lewis  H.,  Rochester,  N.  Y. 

Morse,  M.  L.,  Dover,  N.  H. 

Mungcr,  George  G.,  Rochester,  N.  Y. 

Mussey,  R.  D.,  Cincinnati,  Ohio. 

Mussey,  D.,  Albany. 
♦Newcomb,  Wesley,  Albany. 
♦Nichols,  John  A.,  New  York. 

Noble,  Capt.  London,  England. 

O'Callaghan,  E.  B.,  Albanv. 
♦O'Leary,  Charles,  Emmctsbuig,  Md. 
♦Ormiston,  William,  Toronto,  Canada, 

Ormond,  J.  J.,  Tuscaloosa,  Ala. 
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LINGUISTIC    ETHNOLOGY. 

Bt  S.  S.  HALDEMAN,  Columbia,  Pa. 


This  Report  will  be  restricted  to  the  portion  of  the  subject 
pertaining  to  speech, — a  portion  which,  although  less  extensive 
than  the  grammatical,  lexicographical,  or  etymological  portions 
of  language,  has  not  attracted  proper  attention  until  a  recent 
period.  This  neglect  is  due  to  the  difficulty  of  the  subject,  of 
which  a  constant  example  is  at  hand  in  the  difficulty  experi- 
enced in  pronouncing  foreign  languages  properly,  even  when 
they  belong  to  the  same  stock,  as  Persian,  German,  Belgian, 
and  English.  The  difficulty  of  pronouncing,  appreciating, 
locating,  explaining,  and  writing  down  the  various  phases  of 
speech  is  so  great,  and  there  are  so  many  sources  of  error,  that 
we  must  be  more  cautious  in  accepting  statements  here,  than 
in  other  sciences  of  observation,  few  having  as  much  educa- 
tion in  this  branch  as  would  be  required  to  make  a  chemist  or 
a  musician ;  or  to  enable  a  singer  to  write  down  a  song  prop- 
erly, even  in  a  notation  of  his  own  invention.  We  cannot 
even  trust  an  observer  who  claims  for  himself  a  good  ear. 
The  English  lexicographer,  Knowles,  makes  such  a  claim,  and 
by  his  analysis  proves  that  he  does  not  possess  the  power  to 
discriminate  sounds ;  as  in  the  case  of  ye  and  woo^  which  he 
considers  equivalent  to  the  repetitions  e-^  and  ochoo.  The  re- 
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porter  is  willing  that  the  objections  which  he  makes  to  the 
results  of  others  should  be  urged  against  his  own ;  and  that 
his  assertions  should  be  received  ^th  as  much  caution  as 
those  of  any  observer,  having  at  various  times  held  views  which 
further  research  proved  to  be  untenable. 

Spanish  grammarians  emphatically  deny  that  their  h  ever 
partakes  of  the  power  of  English  and  Spanish  v.  They  claim 
both  h  and  v,  and  assert  that  v  (like  /)  is  made  by  the  appli- 
cation of  the  lower  lip  to  the  upper  teeth,  and  that  their  h  is 
never  made  thus,  the  lips  alone  being  concerned  in  its  produc- 
tion, so  that  it  is  impossible  that  it  can  be  anything  else  than 
a  genuine  h.  The  facts  are  as  here  given,  but  the  inference  is 
false.  The  Spanish  h  between  vowels,  the  German  M7,  and, 
according  to  E.  A.  Sophocles,  the  EUenic*  /8,  differ  from  Eng- 
lish V  in  being  formed  with  the  lips  alone.  It  is  therefore  an 
aspirate  of  h  (*B)  as  the  Greek  ^  is  an  aspirate  of  p^  which  / 
is  not.  This  is  an  important  point  in  ethnology,  which  few 
attend  to.  Doctor  Lepsius  does  not  allude  to  it,  nor  to  the 
very  distinct  Russian  vowel  bl,  in  his  recently  published  Stand- 
ard Alphabet  Authors  continually  confound  English  labio- 
dental V  with  Grerman  labial  ur,  and  in  giving  an  account  of 
the  languages  they  investigate,  they  cannot  be  trusted  upon 
this  point;  so  that  we  have  yet  to  learn  which  of  the  two 
sounds  is  present  in  certain  languages,  the  phonology  of  which 
is  apparently  treated  with  great  fulness.  Judging  from  a  par- 
tial investigation,  the  Russian  ^B'  has  the  power  of  English 
and  French  labio-dental  v. 

Some  writers  (as  Le  Brethon  and  Marsden),  in  comparing 
the  French  and  English  vowels,  refer  &  to  that  infallj  and  6  to 

*  Modem  Greek  is  an  awkward  expression,  and  Bomaic  is  incorrect,  and  as  the 
language  has  lost  A,  H^Benic  has  become  EUenic,  The  word  Anglo-Saxon  is  equally 
awkward,  and  degenerates  into  "Saxon," — a  name  which  should  be  restricted  to 
PlattdeuUch  in  its  modem  and  ancient  or  old  Saxon  form.  The  change  of  languages 
involyes  a  change  of  pronunciation,  as  in  the  German  Idar,  which  closes  to  dair  in 
French,  and  still  farther  to  dear  in  English ;  so  the  language  of  Anglia  and  the 
Angles  was  Angliah,  and  passed  through  English,  with  e  in  met,  to  the  modem 
In^^,  with  the  rowel  in  JiL 
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that  in  end;  whilst  others  (Picot,  Bolmar,  &c.)  refer  k  to  the 
English  vowel  in  arm,  and  6  to  that  in  fate.  Duponceau,  in 
1817  (Am.  Phil.  Trans.  I.  229),  refers  the  English  vowel  in 
fat  to  the  French  vowel  in  terre,  pire,  an  error  which  Germans 
commonly  make.  In  the  alphabet  of  Lepsius,  fat  would  be 
written  fet,  and  the  French  mire  mer.  Duponceau  seems  to 
have  been  the  first  to  show  that  the  initial  vowel  of  the  Eng- 
lish diphthongs  in  aisle  or  isle,  and  owl,  is  not  that  in  arm,  but 
the  French  &,  which  is  made  with  a  narrower  aperture  than  a 
in  arm  requires,  and  with  a  slight  tendency  towards  awe.  The 
same  author  gives  as  the  components  of  English  u  in  usage,  the 
vowels  of  eel  and  ooze,  —  an  error  which  is  retained  by  most 
English  authors,  very  few  of  whom  know  what  a  diphthong  is. 
Every  vowel  added  to  a  word  forms  an  additional  syllable, 
and  as  English  w  is  a  monosyllable,  one  of  its  elements  is  a 
consonant ;  namely,  the  initial  when  it  is  pronounced  you,  and 
the  final  when,  as  is  sometimes  the  case,  it  is  a  diphthong  pro- 
nounced like  the  Welsh  iw  and  Belgian  iew,  with  the  vowel  of 
it  (Grerman  hitzig)  and  t^;  as  a  consonant  in  now,  or  German 
u  in  haus.  Similarly,  the  final  element  of  cto-y  is  a  consonant, 
and  of  claw-y  a  vowel.*  German  and  French  writers  seem 
not  to  be  aware  of  the  nature  of  diphthongs,  and  in  Latin- 
English  grammars  they  are  described  as  vowels-f  In  most 
ethnic  alphabets,  including  that  of  Lepsius,  the  last  element  of 
the  diphthongs  is  represented  by  a  vowel  character,  —  a  fun- 
damental error  founded  upon  the  crude  analysis  of  the  an- 
cients. J     The  term  diphthong  is  itself  almost  useless,  because, 

*  Hald.  Latin  Pronanciation,  §§  109,  111.  Latham's  English  Language,  1841,  p. 
108,  4  68. 

t  Andrews  and  Stoddard  consider  the  Yowels  of  faU  and  fed  diphthongs,  because 
thej  pronounce  the  Latin  LAYS  and  AETAS  with  them.  Thej  say  that  *'  two 
voiods  in  immediate  succession  in  the  same  syllable "  (including  UO,  UA !)  "  are 
called  a  diphthong.  Yet  if  AETAS  is  read  with  but  four  elements  instead  of  five 
(the  a  in  arm  being  omitted),  the  word  does  not  contain  **  two  vowels  in  immediate 
inccession." 

t  Dr.  Lepsius  assigns  (Standard  Alphabet,  p.  41)  to  the  Latin  diphthong  ob  (oi 
in  ffoing,  when  pronounced  as  a  monosyllable)  the  power  of  the  German  vowel  o,  and' 
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as  the  first  element  is  already  a  vowel,  the  peculiarity  lies  in 
the  second  coalescing  with  the  first,  (an  impossibility  with  a 
second  and  subsequent  vowel,)  whence  it  may  be  called  a 
coalescent,  meaning  by  this  term  those  consonants  that  approx- 
imate as  nearly  as  possible  to  the  vowels. 

In  a  French  work  on  Russian,  the  twenty-ninth  Russian  let- 
ter, b,  is  explained  by  comparing  it  with  the  French  "  e  mute," 
whilst  the  twenty-seventh  letter  is  said  to  have  no  sound,  but 
to  indicate  that  the  preceding  consonant  is  to  be  pronounced 
with  force,  and  as  if  it  were  doubled.  This  gives  a  very  in- 
correct view  of  these  letters.  For  example,  the  Russian  word 
for  five  is  a  monosyllable  with  the  short  a  in  art,  which  might 
be  represented  pjatj  in  Latin  or  Grerman  letters,  and  pyaty  in 
English  letters,  the  final  t/  being  the  Russian  (b),  and  the  mod- 
ified y-sound  following  /  in  the  French  "  11  mouill6e."  This 
addition  to  consonants  is  so  common  in  Russian,  that  its  ab- 
sence is  marked  by  the  f/err,  as  in  the  word  o-ke-fen  oceafty 
which  is  written  with  the  final  t/err.  The  allusion  to  doubled 
letters  might  cause  Russian  to  be  associated  with  Arabic, 
Latin,  and  Italian,  which  axe  among  the  few  languages  which 
have  doubled  or  geminate  elements,  as  in  the  Italian  "  Gio- 
vanni," Johfij  in  which  each  w  is  as  distinctly  sounded  as  in  the 
English  words  one  name, 

Arabic  has  such  doubled  consonant  sounds ;  yet  it  would 
be  wrong  to  consider  the  sixteenth  Arabic  letter  tta  such  a 
gemination  on  the  authority  of  Richardson,  who  describes  it 
(Grammar,  p.  9)  as  "  double  t,  or  t  with  a  slight  aspiration," 
a  description  which  is  void  of  meaning,  the  reader  being  un- 
able to  tell  whether  the  conjunction  is  copulative  or  disjunc- 
tive, and  consequently  whether  the  latter  member  of  the  sen- 
tence is  explanatory  of  the  former.  Brown  (Journey  to  Dar 
Fur)  assigns  to  the  Dar  Runga,  words  like  tta  water,  mmi  wo- 

ignoring  the  Latin  nasal  Towels,  writes  kohtm  for  coblum.  The  dots  are  placed  be- 
low o  to  afford  room  above  for  accent  marks,  yet  nasal  vowels  are  indicated  by  (" ) 
above,  which  may  call  for  vowel  characters  surmounted  with  the  three  signs  (*  **  O- 
Thus  the  French  word  sans  (saj  is  long,  and  cent  (sS,)  is  short. 
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man,  ddSta  mountain,  wwi  wind,  gg6  reprimanding ;  but  as  he 
gives  no  explanation  of  his  notation,  these  are  doubtful  exam- 
ples of  geminate  consonants. 

Many  English  people  fancy  that  they  have  double  conso- 
nants, because  they  spell  certain  words  (e.  g.  all,  well,  off,  lesson, 
back,  annex,  allude)  with  double  characters.  This  practice  is 
in  use  to  indicate  a  short  preceding  vowel,  and  when  an  Eng- 
lishman writes  a  Latin  Grammar,  he  is  apt  to  believe  and  as- 
sert that  syllables  which  are  long  "by  position"  are  really 
short,  but  are  "  counted "  or  "  considered "  long,  by  a  "  me- 
chanical rule " ;  whereas,  the  doubled  consonants  heard  in 
Italian  show  that  such  syllables  are  really  long,  because  it 
requires  more  time  to  pronounce  two  elements  than  one.* 
Similarly,  Latin  diphthongs  are  long,  not  by  an  arbitrary  rule, 
but  because  the  two  elements  of  AV,  AE,  OE,  &c.  require 
more  time  than  A  and  O  alone. 

The  nasal  vowels  of  but  few  foreign  languages  are  properly 
understood,  and  the  ignorance  of  writers  whose  vernacular 
does  not  contain  them  is  frequently  apparent.  The  error  here 
is  sometimes  so  great,  as  to  cause  a  confusion  between  vowel 
and  consonant,  as  in  mistaking  the  nasal  vowel  of  the  French 
fin  for  the  English  and  German  ng  in  fang.  The  French 
word  fin  contains  but  two  elements,  a  consonant  followed  by 
a  genuine  vowel,  whilst  the  English  fang  has  three  elements, 
and  ends  with  a  consonant.  The  mistaking  one  for  the  other 
would  be  exactly  paralleled  in  the  practice  of  a  foreigner  w^ho 
for  pea  would  give  peag  as  an  English  word. 

This  error  in  regard  to  the  nasals  appears  in  Riggs's  valuable 
Grrammar  and  Dictionary  of  the  Dacota  Language,  based  up- 
on the  studies  of  a  number  of  observers  during  a  period  of 
eighteen  years,  and  submitted  to  the  inspection  of  a  learned 
committee  previous  to  its  publication  by  the  Smithsonian  In- 
stitution.   To  a  given  character  the  power  of  *n'  in  the  French 

*  Most  English  grammarians  do  not  distinguish  between  the  length  and  the 
quality  of  their  own  vowels,  regarding  a  and  o  in  f  &te  and  dbey  as  long,  and  those  of 
f  &t  and  dbjSct  as  short,  although,  in  these  examples,  the  quantity  does  not  differ. 
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bon  and  English  drink  is  assigned,  so  that  the  reader  is  unable 
to  pronounce  with  certainty  the  numerous  words  represented 
by  this  character,  —  an  *  n'  the  second  line  of  which  is  pro- 
duced and  ends  like  '  j.'  But  it  is  probable  that  neither  the 
French  nor  the  English  sound  occurs  uniformly,  for  in  the  al- 
lied Conzo  (each  o  as  in  notj  z  in  zeaJ)  the  reporter  has  heard 
both,  as  (to  use  German  characters)  in  hung-ga  leggins^  with 
u  long  and  accented,  and  a  short  as  in  art.  The  French  sound 
occurs  in  the  Conzo  word  for  Jive^  which  is  the  English  sylla- 
ble saw  accented  and  followed  by  t  and  the  French  un,  as  if 
sJlwtu^  Using  'n'  for  Mr.  Biggs's  letter,  the  Dacota  word 
for  leggins  is  huwskfe,  and  for  five^  zaptan. 

Independently  of  the  errors  of  observation,  some  writers 
have  a  practice  of  referring  the  sounds  they  meet  with  to  those 
of  other  languages  which  they  may  know  from  description 
alone ;  and  some  proposers  of  general  alphabets  supply  such 
foreign  sounds  with  characters,  although  they  run  the  risk 
of  giving  different  characters  to  the  same  sound,  or  of  con- 
founding distinct  sounds.  An  English  alphabet-maker,  upon 
reading  that  the  Lenape  (Unape)  aborigines  use  a  whistle  in 
speech,  might  propose  a  character  for  it,  although  this  sound 
is  nothing  but  English  wh  before  a  consonant,  as  in  whte  heart 
(e  in  they)  J  its  occurrence  in  a  new  connection  conveying  an 
impression  analogous  to  that  which  a  new  sound  would  give. 
In  comparisons  of  sounds,  the  reader  should  be  informed 
whether  the  author  has  heard  those  he  uses  for  comparison, 
and  whether  his  opportunities  have  been  few  or  many.  Some 
sounds  can  be  accurately  described  to  those  unfamiliar  with 
them,  as  the  German  Wj  Greek  phiy  English  th  in  thin,  then, 
Welsh  aspirate  Z/,  rA,  which  latter,  together  with  the  Oriental 
ghain  and  its  surd  cognate  (as  they  occur  in  Armenian)  the 
reporter  was  accustomed  to  pronounce  before  he  heard  them 
from  natives. 

The  alphabets  used  by  various  authors  will  give  a  good  idea 
of  the  state  of  our  knowledge  in  this  department,  except  that 
they  will  not  always  enable  us  to  establish  a  parallel  between 
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them.  After  Rapp's  Physiologic  der  Sprache,  the  Essentials 
of  Phonetics  of  Mr.  A,  J.  Ellis,  A.  B.,  London,  1848,  may  be 
placed^  as  a  conscientious  and  valuable  contribution  to  the 
general  subject.  Being  printed  in  the  author's  alphabet,  its 
use  is  restricted  to  those  who  can  speak  English.  The  alpha- 
betic portion  of  this  treatise  is  so  corrupt,  that  it  ought  not  to 
be  used  for  any  language ;  but  it  has  an  important  concession 
to  correct  scholarship,  in  the  use  of  Cay  (and  not  Kah)  as  the 
cognate  of  Gay. 

Gastrin's  Grammatik  der  Samojedischen  Sprachen  (St  Pe- 
tersburg, 1854)  contains  a  careful  analysis  of  the  sounds  used. 
The  iotacized  (mouill6es)  consonants,  or  those  followed,  and 
in  some  cases  modified,  by  the  guttural  coalescent  approach- 
ing English  y  in  million^  are  seven  in  number,  Z,  r,  n,  ty  d^  5, 
and  English  z,  marked  with  a  curved  line  through  the  stem 
(on  the  right  of  w,  d)  of  the  characters,  —  an  awkward  nota- 
tion requiring  too  many  distinct  characters.  Ellis  uses  (j)  de- 
prived of  its  upper  and  lower  dot  (as  in  Ij,)  which  is  unexcep- 
tionable. The  peculiarity  of  these  compounds  is,  that  whilst 
they  commence  with  /,  &c.,  the  tongue  passes  to  the  iotacism 
before  the  /  is  completed,  million  being  milyyon  when  thus 
iotacized,  which,  however,  is  not  essential  to  its  purity  as  an 
English  word.  A  soft  lisped  d  is  assigned  to  Lappish,  which 
is  allied  to  a  lisped  r.  The  latter  quality  seems  to  remove  it 
from  English  sonant  th  in  then.  This  curious  sound  should 
be  compared  with  the  peculiar  Irish  /,  which  the  reporter  first 
noted  as  an  1-sound  mixed  with  sonant  tiiy  but  subsequently 
determined  to  be  the  sonant  analogue  of  the  Welsh  surd  aspi- 
rate ZZ,  to  which  it  would  bear  the  same  relation  that  thy  bears 
to  thigh,  A  sound  between /and  h  is  mentioned,  —  probably 
Greek  phi;  and  a  consonant  between  Z  and  r.  Gastrin  assigns 
a  peculiar  u  to  Ostiak,  and  the  Russian  vowel  bl  to  Samoiede. 
The  latter  (which  has  been  heard  by  the  reporter)  may  be  de- 
scribed as  a  long  and  short  vowel  akin  to  English  and  German 
i  in  still*  but  formed  with  a  more  open  aperture,  and  the  an- 

*  This  is  not  the  short  quantity  of  the  vowel  in  Jidd^  and  cannot  be  correctly 
represented  by  (Y)  of  the  Latin  and  Italian  alphabets. 
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gles  of  the  lips  drawn  back.  It  has  the  pinched  quality  of 
German  o  and  u,  but  without  the  pursed  lips  used  in  forming 
these  well-known  vowels. 

Bohtlingk  (Ueber  die  Sprache  der  Jakuten,  St.  Petersburg, 
1851)  mentions  a  nasal  of  the  German  J.  The  reporter* 
mentions  such  a  sound  as  present  in  Wyandot,  and  a  close  of 
the  glottis  (marked  >■)  which  has  since  been  observed  in  Chip- 
peway.  Judging  from  information  received  from  a  European 
who  had  resided  in  Syria,  this  "  close  of  the  glottis "  is  the 
Arabic  effect  termed  '^  spiritus  lenis  "  and  marked  (')  by  Lep- 
sius. 

S^'unic  (in  German  letters  Schunjitsch,  an  Blyrian),  De 
Vera  Orthographia,  cum  Necessariis  Elementis  Alphabeti 
Universalis,  (Viennas,  1853,)  admits  twelve  vowels,  which, 
with  marks  of  accent  and  length,  require  seventy-two  modi- 
fications of  vowel  characters.  He  supposes  that  these  twelve 
correspond  with  the  twelve  semitones  of  the  musical  scale,  a 
view  which  is  fundamentally  erroneous.  Of  the  consonants 
he  enumerates  fifty,  including  the  mouill6  kind,  and  a  few  like 
tSj  tshy  &c.  He  assigns  to  the  German  w  the  power  of  the 
English  Wy  and  considers  German  b  in  haben  different  from  the 
ordinary  6,  his  informant  having  probably  been  a  provincial 
He  omits  English  and  Grerman  ngy  or  confounds  it  with  the 
French  nasal  vowels ;  and  his  notation  is  over-crowded  with 
diacritcal  marks. 

Poklukar  (probably  an  Blyrian)  published  a  pamphlet  at 
Laibach  in  1851,  entitled,  Ankiindigung  eines  nachst  zu  verof- 
fentlichenden  allgemeinen  lateinisch-slavischen,  zugleich  deut- 
schen,  franzosischen,  itaUenischen  und  eventuel  auch  eines  Uni- 
versal- oder  Welt^  Alphabetes,  &c.  He  confounds  Grerman 
ng  in  lanff  (Eng.  long)  with  French  n  in  loin;  and  French  v 
with  German  w.  His  notation  is  objectionable,  although  he 
starts  with  the  best  possible  rule  to  secure  correctness  and  final 

*  On  some  Points  of  Lingnistic  Ethnology;  with  BluBtnttions,  chiefly  from  the 
Aboriginal  Languages  of  North  America.  Proceedings  of  the  American  Academy. 
Cambridge  and  Boston.    October  2, 1849.    Syo. 
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uniformity,  by  preventing  each  author  from  being  influenced 
by  the  power  which  a  letter  may  happen  to  have  in  the  alpha- 
bet he  is  best  acquainted  with.  This  rule  requires  that  an  al- 
phabet should  not  contradict  the  Latin  original^  Latin  being  in 
some  sense  the  ( Weltsprache)  universal  language.  The  report- 
er's Elements  of  Latin  Pronunciation  (Philadelphia,  1851) 
grew  out  of  a  perception  that,  without  such  an  investigation, 
not  a  single  step  could  be  made  in  the  right  direction  towards 
a  general  alphabet,  the  construction  of  which  should  be  based 
rather  upon  scientific  principles  than  upon  the  vagaries  of  each 
individual  who  may  be  called  upon  to  write  a  language  for  the 
first  time.  Poklukar  uses  B,  F,  J,  and  other  letters,  correctly, 
but  by  a  false  assumption  he  uses  C  as  ts  (although  he  had 
already  a  t  and  an  s  in  his  alphabet!)  and  prefers  x  to  the 
Latin  Cay  or  Greek  Kappa. 

Among  the  latest  works  upon  the  subject*  is  Professor  Lep- 
sius's  Allgemeine  linguistische  Alphabet,  (Berlin,  1855,)  of 
which  there  is  an  English  version,  entitled,  "  Standard  Alpha- 
bet for  reducing  Unwritten  Languages  and  foreign  graphic 
Systems  to  a  uniform  Orthography  in  European  Letters,  &c." 
(London,  1855.)  The  profound  learning  of  the  author,  and 
the  use  he  has  made  of  his  alphabet  in  the  languages  of  Nubia 
and  Dar  Fur,  render  this  a  very  important  work.  It  has  been 
approved  by  the  Royal  Academy  of  Berlin,  which  has  had  the 
necessary  types  cut  to  give  the  system  publicity ;  and  many  of 
the  missionary  societies  have  adopted  it,  including  the  English 
"  Church  Missionary  Society,"  who  have  commenced  using  it 
in  the  works  of  the  Rev.  S.  W.  Kolle  on  the  languages  of 
West  Africa.  Professor  Lepsius  expresses  a  hope,  that,  in 
cases  where  missionaries  are  disposed  to  make  alterations  in 
his  notation,  "the  Committees  of  Societies  will  require  the 
reasons  of  such  deviations  to  be  laid  before  them  and  dis- 
cussed." 

*  Lanth's  VoUstandige  Universal-Alphabet,  (MQnchen,  1855,)  and  Professor  Max 

Mailer's  Languages  of  the  Seat  of  War  in  the  East with  an  Appendix  on  the 

Missionary  Alphabet,  —  have  not  yet  been  received. 
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This  system  professes  to  have  a  physiological  basis,  and  the 
labors  of  the  eminent  physiologist,  Joh.  Miiller,  are  acknowl- 
edged in  this  field.  Mr.  Ellis  states  that,  in  Miiller's  accomit 
of  the  elements,  "  the  faults  of  a  Gtennan  ear  are  still  con- 
spicuous." Miiller  (Elements  of  Physiology,  English  edition, 
1848,  p.  1051)  does  not  understand  the  nature  of  his  own  J, 
which  he  supposes  a  sonant  Grerman  chy  as  English  z  is  a  so- 
nant s.  With  him,  m  is  not  a  labial  consonant,  and  he  does 
not  know  the  distinction  between  p  and  b.  He  considers  p  as 
having  an  aspirate  quality,  probably  because  an  aspirate  is 
made  after  it,  as  in  pronouncing  to^S  where  a  Chinese  would 
say  tap'.  If  ^  in  tap^  and  haphazard  is  to  be  named  an  a^spu 
rate  from  the  phase  which  follows  it,  the  p  in  pay,  play  must 
be  a  vowel,  or  the  consonant  L  If  the  t  in  boathook  is  an  as- 
pirate because  h  follows  it,  it  is  equally  an  aspirate  when  it 
precedes,  as  in  the  Iroquois  word  a'hta* 

Professor  Lepsius  says  that  in  adna  or  anda  we  pronounce 
"  only  half  the  n  and  half  the  rf,  whilst  in  ana  and  ada  we 
pronounce  the  whole  of  n  and  rf."  According  to  this  reason- 
ing, as  n  cuts  off  the  first  half  of  d  in  andaj  and  the  last  half 
in  adna,  both  halves  of  the  consonant  between  consonants 
must  be  lost  in  lend  not,  wends,  endless,  string,  warps,  and  in 
the  German  proper  names  Heindl,  Jondl^Zarbl,  Birkl,  Schtndlzlj 
Dieizsch,  &c. 

This  mode  of  regarding  a  consonant  position  and  a  vowel 
position  of  the  organs  as  in  a  manner  constituting  a  unitary 
element,  has  given  rise  to  alphabets  of  a  more  or  less  syUabic 
character,  like  the  Cherokee,  Ethiopic,  Hebrew,  and  Sanscrit ; 
and  the  system  of  Professor  Lepsius  is  heterogeneous  in  ad- 
mitting t  and  a  for  ta,  whilst  in  the  Hottentot  dental*  clack 
he  uses  but  one  character  for  the  consonant  position  of  the  or- 
gans (a  kind  of  t),  and  the  reverberation  which  follows  it  in 
the  cavity  of  the  mouth,  set  in  a  vowel  position. 

*  Mentioned  here  because  it  is  the  only  one  heard  from,  a  native  bj  the  reporter, 
who  has,  however,  heard  several  others  in  American  languages.  A  change  of  nota- 
tion is  required  to  distinguish  the  clacks  formed  by  sucking  in  air  from  those  in 
which  it  is  expelled. 
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Professor  Lepsius  considers  the  vowel  in  worth  as  <<  inherent 
in  all  soft  firicative  consonants,"  such  as  English  i;,  in  which 
there  is  indeed  sonancy,  but  no  vowel  power,  and  least  of  all 
one  requiring  such  open  organs  as  that  in  worth.  If  anything, 
the  supposed  inherent  vowel  in  English  v  is  Grerman  ii. 

A  consonant  like  /,  r,  and  English  z^  may  have  the  organs 
so  little  closed  as  to  approach  the  vowel  quality,  and  in  this 
case  the  small  circle  placed  beneath  the  character  by  Dr.  Lep- 
sius is  a  good  mark.  But  he  uses  the  mark  with  n  and  m 
when  they  form  syllables,  although  in  these  cases  they  do  not 
diifer  from  ordinary  m,  n.  Thus  if  z^  in  the  Chinese  word  tsz 
quoted  by  him,  is  English  z  following  5,  it  does  not  want  the 
mark.  In  English,  the  second  vowel  of  misses^  horses^  is  often 
omitted  in  hurried  or  careless  speech,  forming  the  dissyUables 
mi-sz^  hor-sz,  as  in  surdn  (sudden),  pri-sm  (in  which  sm  have 
the  same  power  as  in  pri-«mat-ic),  German  tfr-la-s^n^  vW-der-Vn. 
In  rare  cases  a  mark  of  syllabication  will  be  necessary,  as  in 
prairie^  often  pronounced  in  English  as  a  trisyllable,  with  or 
vnthout  the  vowel  of  utter  in  the  first  syllable,  in  the  latter  case 
forming  pr-aMe. 

Professor  Lepsius  follows  the  English  in  admitting  an  "  in- 
distinct  vowel  sound"  in  nation,  velv^,  &c.  This  is  the  vow- 
el of  worth  and  urn,  which  stands  on  the  throat  side  of  the 
vowel  scale,  opposite  to  awe  on  the  labial  side.  It  does  not 
yield  in  distinctness  to  any  of  the  vowels,  but  as  Latin  U  and 
V  (English  w)  and  I  and  J  are  allied,  so  the  vowel  in  urn  ap- 
proximates English  smooth  r,  and  coalesces  with  it.  Hence, 
if  a  person  pronounces  ramrod  (ra-mrod),  omitting  -od,  the  lis- 
tener accepts  the  remainder  rarmr  as  rammer.  This  so-called 
^  indistinct  vowel "  is  doubtful  as  a  German  sound,  being  more 
probably  elided  in  Ueb%  &c.,  as  it  sometimes  is  in  the  English 
words  nation,  iheatr^^  &c.  Its  resonance  may,  we  ara  told,  be 
lost  <<  by  partially  contracting  the  mouth,  or  even  closing  it  en- 
tirely. In  the  latter  case  it  is  heard  through  the  nose."  This 
supposed  vowel  is  the  consonant  m.  The  English  vowel  awe 
is  given  as  an  Italian  sound,  although  this  lies  between  awe 
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and  Otoe  (Ellis,  p.  20).  But  six  labial  consonants  are  admitted, 
/?,  6,  m,f,  and  English  v  and  w,  no  mention  being  made  of  ^, 
EUenic  ^,  nor  English  why  although  English  examples  are 
freely  cited,  and  the  number  of  English  consonants  stated  to 
be  twenty-two.  English  wh*  was  probably  supposed  to  be 
English  w  (Latin  v  in  qvinqve,  svavis,  &c.)  preceded  by  A,  an 
opinion  in  which  Professor  Lepsius  was  likely  to  be  seconded 
by  the  English  committee  which  he  met,  and  this  view  would 
probably  be  sustained  by  the  missionary  committees  to  whose 
decision  he  would  have  the  results  of  original  investigators  re- 
ferred, in  case  they  should  differ  from  the  views  laid  down  in 
the  Standard  Alphabet. 

K  such  grave  errors  can  take  place  with  the  labials,  the  or- 
gans of  which  can  be  seen  and /eft,  in  addition  to  the  sounds 
being  heard^  we  may  well  doubt  the  analysis  of  sounds  formed 
out  of  sight,  in  the  depths  of  the  fauces ;  and  consequently, 
the  following  observations  are  open  to  correction.  Recalling 
the  admission  that  the  reporter  has  never  heard  Arabic  from  a 
native,  yet  he  is  vernacularly  familiar  with  the  German  smooth 
aspirate  or  spirant  of  gay  in  re'gen^  which  is  the  sonant  of  ch 
in  tcA,  is  free  from  vibration,  and  belongs  to  the  cay  contact. 
The  Ellenic  ^amma  (judged  by  ear  from  native  sources)  be- 
longs to  the  same  contact,  is  made  with  a  similar  close  of  the 
organs,  but  has  the  addition  of  a  mild  vibration,  probably  due 
to  the  vibrant  action  of  the  edge^  and  not  the  body,  of  the  pal- 
atal veil.  The  French  r  grassey^e  is  probably  formed  by  the 
body  of  the  palatal  veil,  with  perhaps  little  or  no  contact  of  the 
tongue  and  palate,  wherein  it  would  differ  from  *gamma. 

Some  of  the  Oriental  languages  have  a  contact  behind  that 
of  cay^  of  which  qof  may  be  considered  the  characteristic. 
Aspirating  qof  produces  a  faucal  qh  analogous  to  %,  and  when 
this  is  made  sonant  the  analogy  is  with  aspirate  gay.  Profes- 
sor Lepsius  considers  the  German  aspirate  g-,  EUenic  7,  and 

>»  In  a  former  paper,  the  present  reporter  has  affirmed  that  no  orthoepist  known 
to  him  had  been  able  to  state  correctly  the  elements  which  occur  in  the  English 
word  when. 
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Armenian  ghad  identical,  and  of  course  represents  them  with 
the  same  character ;  and  the  surd  form  of  ghad  is  considered 
identical  with  ck  in  fcA, — a  greater  error,  apparently,  than  to 
confound  cay  and  qof^  or  the  Arabic  "  spiritus  lenis "  ( ' )  of 
Lepsius,  with  ',ain,  as  he  marks  it 

Richardson,  in  his  Arabic  Dictionary,  says  oighain:  "  This 
letter  is  articulated  in  the  throat  with  a  vibration  producing  a 
sound  like  that  given  to  r  by  the  Northumbrians,  or  the  noise 
made  in  gargling.  ...  It  seems  to  bear  the  same  relation  to 
ifcA  as  6  to  j9,"  —  i.  e.  the  relation  of  sonant  to  surd.  The  M, 
he  states,  "  is  generated  by  a  gentle  vibration  in  the  throat " ; 
consequently  it  is  not  the  Greek  nor  German  chi.  Sir  Wil- 
liam Jones  says  that  <*the  Persians  and  Arabs  pronounce 
their  ghain  with  a  bur  in  the  throat  and  a  tremulous  motion  of 
the  tongue,  as  in  making  the  rough  r'*;  —  and  according  to 
S^ufiic  its  surd  analogue  is  an  aspirate  **  qui  a  graeco  %  chi  in 
eo  differt  quod  quasi  gargarizando  efferatur." 

These  two  vibrant  sounds  appear  in  the  following  Arme- 
nian words,  premising  that,  as  the  character  for  the  Armenian 
ghad  resembles  an  angular  "  2,"  this  will  be  used  for  it,  whilst 
^  will  represent  the  surd  sound ;  a  the  vowel  in  under ^  e  that 
in  met ;  a  that  in  arw,  but  short  in  these  examples ;  r  English 
sh;  c  olq  k;  and  the  objectionable  character  z  asin  English:  — 

dzndz2a',  a  cymbal;  H^eLc,  the  mind;  ^qatf,  a  crucifix; 
*Q6Hi8NTreL,  a  neigh. 

The  division  of  the  consonants  into  contacts  is  natural,  and 
was  appreciated  by  Aristotle,  the  Hebrew  Grammarians,  the 
Abbe  Sicard,  &c.  A  consonant  character  indicates  a  closing 
of  the  organs,  as  /?,  ^,  /,  whether  it  precedes  another  effect,  as 
in  fay,  play ;  or  follows,  as  in  off^  or  does  both,  as  in  eft. 
Each  contact  is  subject  to  nearly  the  same  phases,  that  is,  if 
the  closed  lips  make  J9,  the  tongue  will  make  t  and  its  base  k. 
Adding  sonancy  to  these  gives  ft,  rf,  gay;  open  the  nasal  pas- 
sage, and  these  become  w,  tj,  ng.  Professor  Lepsius  divides 
the  phases  of  the  contacts  into  explosive  or  dividuce,  as  t,  d^ 
2 


14  ON  THE  PRESENT  STATE  OF  OUR 

n ;  fricativce  or  coniimue^  as  5,  z ;  and  ancipUes^  as  r,  2.  In 
the  labial  contact,  p,  ft,  m  are  placed  as  explosives ;  /,  r,  ir, 
(English)  as  fricatives,  without  any  ancipites ;  although  Eng- 
lish w  i&to  b  as  lis  to  dy  and  English  y  to  gay.  Apparently 
to  accommodate  the  German  nomenclature,  voiceless  conso- 
nants, as  p,  /,  are  termed  fortis  instead  of  stird,  whilst  b  and 
English  V  are  termed  lems  instead  of  sonant.  The  fricatives 
are  the  aspirates  of  other  authors,  whether  sonant  or  surd,  ex- 
cept with  those  who  think  "sonant  aspirate"  contradictory, 
and  prefer  "  spirant "  for  such  elements  as  English  v,  Zj  and  th 
in  then. 

English  w  and  y  (Latin  V,  J)  are  not  fricative  in  the  sense 
of/,  5,  X)  &<5'j  but  they  become  so  when  aspirated  in  the  words 
when  and  hue  or  hew^  the  initial  of  which  is  in  neither  case  A, 
as  many  suppose.  Writing  htie  in  Latin  letters  and  marking 
surd  by  (')  it  will  stand  ''JJU  or  JhJU,  English  u  being 
normally  Latin  JU. 

Instead  of  twenty-two  '* simple  consonantal  sounds"  as- 
signed to  English  by  Professor  Lepsius,  the  following  may  be 
enumerated :  — 


LAbial. 

Dental. 

Palatal 

Gattaral. 

Glottal 

W 

1 

r 

soldier 

y 

.M 

wh 

... 

... 

nattnre 

hue 

h 

m 

n 

... 

... 

ng 

... 

b 

d 

... 

... 

g 

... 

...  V 

dh  ... 

z 

zh 

.*• 

... 

P 

t 

... 

... 

k 

... 

...f 

th... 

s 

sh 

••• 

... 

To  these  twenty-six  might  be  added  an  r  (as  some  English 
people  use  both  a  rough  and  a  smooth  one),  and  mh  for  the 
English  and  German  exclamation  hm  (really  ''mm),  a  surd  as- 
pirate followed  by  pure  m.  This  aspirate  is  sometimes  re- 
placed by  ''n  (found  in  Cherokee)  and  '^ng.  See  Rapp,  VoL 
IL,  middle  of  p.  267,  and  Vol.  I.  p.  166,  note. 

It  is  here  intended  to  assign  to  the  English  word  nature  a 
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surd,  and  to  soldier  a  sonant  effect,  allied  to  ^  in  ye,  you,  bat 
made  at  the  post-palatal  point,  and  constituting  the  liquids  of 
which  zh  and  sh  are  the  aspirate  mutes,  and  into  which  they 
are  apt  to  faU,  just  as  r  may  fall  into  s  or  z,  or  w  into  v  or  /. 
Hence  nature  is  often  natsh'r,  as  soldier  is  soldzh'r.  In  the 
niouill6  effect,  the  modified  y  is  not  only  drawn  forward  to  the 
palatal  position,  but  when  it  follows  a  dental,  this  often  recedes 
to  meet  it,  even  when  the  double  effect  has  become  t-sh,  that  is 
to  say,  in  order  to  bring  t  nearer  to  y,  or  to  sh,  it  is  often  drawn 
back  from  the  teeth,  and  the  point  placed  against  the  base  of 
the  lower  teeth  as  a  fulcrum.* 

The  notation  of  the  "Standard  Alphabet"  is  defective, 
whilst  tendencies  towards  uniformity  are  not  fostered  by  its 
third  and  fourth  rules,  which  do  not  regard  the  purpose  for 
which  a  given  character  was  invented.    The  four  rules  are :  — 

I.  Every  simple  sound  ought  to  be  represented  by  a  simple 
sign. 

II.  Different  sounds  are  not  to  be  expressed  by  one  and  the 
same  sign. 

III.  Those  European  characters  which  have  a  different  value 
in  the  principal  European  alphabets,  are  not  to  be  admitted 
into  a  general  alphabet 

IV.  Explosive  letters  are  not  to  be  used  to  express  fricative 
sounds,  and  vice  versa. 

The  first  two  rules  are  proper,  the  others  are  exceptionable. 
The  first  is  broken  by  its  proposer  in  assigning  a  simple  char- 
acter for  the  contact  and  the  subsequent  resonance  of  the 
Hottentot  clacks.  The  second  is  broken  by  representing  the 
English  combination  t-sh  partly  by  t  and  the  character  for  sh 
(p.  65),  and  partly  (as  in  Arabic  and  Persian)  by  k  surmount- 

*  When  the  iotadsm  follows  a  labial  or  gattaral,  it  can  scarcelj  be  called  a 
moQill6  effect,  although  it  is  so  considered  in  the  Slavonic  languages.  The  t  and  d 
thus  drawn  back  to  a  slight  extent  in  the  English  t«h  and  d-zh,  would  require  little 
to  place  them  among  the  palatals,  when  the  i  would  be  the  lenis  of  s,  and  the  d  of 
2,  or,  if  nasalized,  it  would  form  a  sound  between  n  and  n^,  perhaps  the  Sanscrit 
palatal  na. 
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ed  by  an  accentual.  In  Mpongwe  (p.  57)  this  K  stands  for 
English  ty^  and  on  p.  42  t  is  assigned  to  ty  in  case  it  should 
be  required.  Hence,  in  his  alphabets  of  Kiia  and  Herer6  (p. 
57)  we  do  not  know  whether  k  means  feA,  ^y,  or  even  ky. 

By  Rule  IIL  c,  cA,  j,  x,  are  excluded,  and  most  of  the  char- 
acters might  have  been  got  rid  of  by  the  same  unphilosophical 
process.  If  in  the  course  of  time  the  measures  of  the  French 
metre  should  become  shortened,  partly  by  the  abrasion  incident 
to  use,  and  partly  by  the  file  of  avaricious  dealers,  whilst  other 
dealers,  with  a  higher  appreciation  of  strict  accuracy,  would 
preserve  their  measures  at  the  standard  value,  —  if,  under  such 
circumstances,  the  government  were  to  enforce  uniformity,  those 
who  had  allowed  their  standard  to  deteriorate  would  be  clam- 
orous for  the  retention  of  their  own,  as  the  best  known.  Strict 
justice  would  require  that  the  original  metre  should  be  restored, 
although  none  but  a  few  just  traders  might  have  it  in  use. 

Notwithstanding  the  nations  of  Europe  have  faithfully  pre- 
served the  vowel  characters,  even  to  the  y  (German  ii)  of  the 
Danes  and  Swedes,*  there  are  several  alphabets  of  English 
origin,  which  (simulating  the  weights  and  measures  of  certain 
dealers)  fall  so  far  short  of  the  standard  that  every  vowel  char- 
acter, even  to  that  of  O,  has  false  powers  assigned  to  it,  the 
opinions  and  practice  of  those  being  disregarded  who  had  for 
ages  kept  their  standard  pure.f  No  sophistry  should  induce  a 
Danish  missionary  to  pervert  a  letter  (Y)  belonging  to,  and 
made  for,  a  labial  vowely  to  the  power  of  a  gtUturdl  consonant. 
PhilologicaUy,  it  is  worse  than  assigning  to  Latin,  German, 
Polish,  &c.  J,  the  power  of  English  w.  Let  Latin  *  V '  have 
its  vowel  power  in  ooze^  'I'  that  in  believe^  and  '  Y'  that  of 
the  French  pinched  u  (which  bears  equal  relations  to  this  V 


*  Besides  the  correct  use  of  T,  the  orthography  of  the  Danish  word  "  faaTn,"  a 
haTen,  (rhyming  with  totm,)  is  strictly  Latin. 

t  Some  English  authors  have  gone  so  far  as  to  assign  to  Anglish  ccy  the  power 
of  tsh,  as  if  to  flatter  superficial  readers  with  a  greater  resemblance  to  English. 
Were  this  view  true,  the  English  words  broken,  kernel,  ache,  and  kin,  would  be 
older  than  the  Anglish  brocen,  cirnel,  ece,  and  cynn,  Irish  cine. 
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and  I),  when  we  may  account  for  the  form  of  *  Y '  by  the  fol- 
lowing diagram  of  the  affinities  of  the  vowels :  — 

0    V 


A 


E       ^ 


The  rule  which  rejects  C  should  not  retain  its  cognate  G, 
and  that  which  assigns  to  the  latter  its  original,  standard  pow- 
er in  get^  give^  should  have  retained  C  (or  at  least  a  character 
like  k  deprived  of  its  stem)  with  its  Latin,  Graelic,  Welsh,  and 
Anglish  power,  as  Mr.  Ellis  has  done.  «  C  (aided  by  *  Q') 
is  the  normal  character  for  cap  in  the  Romanic  languages ;  and 
the  Latin,  Grerman,  Sec  ch  is  a  concession  that,  if  '  cA '  repre- 
sents the  aspirate  X)  ^  ^ '  without  the  aspirate  mark  h  must 
normally  represent  its  lenis  form  cay.  *  C '  is  rejected  by  Rule 
IIL,  on  account  of  its  many  perversions,  although  still  used 
correctly  in  several  languages,  whilst  *  Z,'  with  as  many  per- 
versions, is  improperly  retained  with  a  corrupt  power.  Its 
powers  are  as  follows :  —  1.  Ancient  Greek,  as  English  zd;  2. 
Italian  dz  (and  t8)\  3.  German  ts;  4.  English  in  azure;  5. 
As  ^  in  Hungarian  and  Danish,  and  the  German  ^  ^z ' ;  6.  Its 
French  power ;  7.  Its  Spanish  power. 

The  normal  character  for  the  sonant  s  in  rose^  misery^  is  5, 
in  Grerman,  French,  Italian,  and  English ;  and  as  the  Latin 
mode  of  distinguishing  sonant  from  surd  is  seen  in  G,  C,  the 
sonant  « s '  should  have  ended  in  some  similar  manner,  as  by 
a  comma  point.  In  writing,  this  would  degenerate  into  some- 
thing like  the  numeral  sign  '  3,'  a  form  which  is  used  in  Rus- 
sian for  English  z,  constituting  a  very  suitable  letter.  Never- 
theless, the  adaptability  of  a  Z  rounded  into  a  reversed  S 
should  be  considered. 

As  English  sh  belongs  to  a  different  contact  jfrom  5,  it  should 
not  be  represented  by  a  pointed  * «,'  nor  French  j  by  a  point- 
ed ^  z,'  such  a  mode  being  as  unphilosophical  as  to  represent 
X  by  a  pointed  sh^  or  th  by  a  pointed  /.  The  character  r  (but 
not  /"with  its  dot  and  curve  below  to  be  written  with  the  stem 
of  script  /  and  the  tail  of  y,  like  the  German  script  A)  was 
2* 
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proposed  by  Volney  for  sh,  and  has  been  used  to  some  extent. 
For  French  y,  the  Wallaehian  form  is  probably  the  best,  being 
somewhat  like  (j)  inverted  *  f,'  with  a  curved  line  through  the 
stem,  sloped  in  the  direction  of  the  acute  accentual.  Some 
such  characters  are  necessary,  the  paucity  of  aspirate  conso- 
nant characters  in  the  Roman  alphabet  being  admitted. 

Rule  IV.  is  probably  based  upon  forms  like  *th'  for  the 
Greek  theta,  —  a  false  notation  for  this  sound,  because  theta  is 
not  an  aspirate  of  tj  but  a  member  of  a  diiferent  contact,  so 
that  to  render  theta  lenis  (^0)  it  would  be  a  kind  of  t  formed 
between  the  teeth;  and  truly  to  aspirate  t  (*t)  would  be  to 
form  a  sound  strictly  at  the  t  contact,  with  a  quality  between 
the  aspirates  0  and  s.  Similarly,  's  would  be  s  deprived  of  as- 
piration, forming  a  kind  of  t  posterior  to  the  normal  /. 

The  use  made  by  Dr.  Lepsius  of  (0)  for  the  surd  consonant 
of  thiffh  is  unexceptionable,  but  as  he  wants  a  character  for 
the  sonant  of  th^*  he  wavers  between  ff  and  S,  proposing  at 
the  same  time  ff  ior  0\  thus  establishing  a  complete  confusion 
in  the  use  of  the  Greek  spiritus  asper  and  lenis  marks.  In  ff 
an  aspirate  mark  is  added  to  that  which  is  already  aspirate, 
that  surd  may  be  understood ;  and  in  ff  the  lenis  mark  indi- 
cates that  vocalUy  has  been  added,  not  to  ff^  but  to  an  imagi- 
nary 0,  In  h*  the  aspiration  of  the  Arabic  hha  is  enforced, 
although  the  Ethiopic  character  {ik)  was  present  in  an  invert- 
ed Greek  ^-character,  which  would  recall  the  European  idea 
of  hh.  The  (x)  with  postposited  (')  is  given  for  Arabic  ghain 
and  EUenic  gamma^  although  (x')  ought  to  mean  k.  In  this 
notation  (f )  would  mean  /;  (f)  English  v;  f  and  (s*)  Eng- 
lish z. 

*  That  of  Mr.  Ellis  formed  on  a  (d)  basis  is  probably  the  b«Bt,  —  or  rather  its 
later  form  in  the  English  phonetic  joamals. 

t  There  should  be  a  rale  to  the  effect  that,  When  a  dvamtLer  ta  perverted  from  U$ 
original  power,  its  form  should  shou)  the  variation.  Hence,  if  prejudice,  or  ignorance 
of  Latin  speech,  should  prevent  a  missionary  from  using  (V)  with  its  Latin  conso- 
nant power,  it  should  be  marked  to  indicate  its  corrupt  English  power.  Perhaps 
(y)  might  answer,  or  a  break  towards  the  left,  in  the  lefl  branch,  like  that  of  italic 
k.    This  would  remove  the  confusion  between  r  and  v  in  writing. 
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To  accommodate  Sanscrit  writing,  Professor  Lepsius  uses 
(p)  for  p  and  h  in  uphold^  although  all  that  was  necessary  was 
a  statement  of  the  fact  that,  in  the  Sanscrit  alphabet,  the  se- 
quents  pb,  bh,  &c.  (as  well  as  a  consonant  and  vowel  in  some 
cases)  are  supplied  by  a  single  character ;  a  statement  of  this 
kind  being  considered  sufficient  in  regard  to  ps  having  a  single 
character  in  the  Greek  form  of  ellipsis.  But  whilst  the  spirit- 
us  asper  and  lenis  marks  are  used  in  these  heterogeneous  and 
unauthorized  modes,  the  former  is  used  as  a  separate  charac- 
ter for  Arabic  and  Hebrew  ^alef.  This  is  at  least  a  doubtful 
view  of  the  Greek  spiritus  lenis.  As  applied  to  a  consonant, 
we  see  it  in  oLpfn}v^  maie  (and  apa-rjv^  because  the  surd  aspimtes 
rh  and  ^*  are  allied),  and  Dr.  Lepsius  admits  an  (f)  with  a 
Greek  key-word,  and  he  would  probably  write  the  Welsh  rh 
thus.  As  applied  to  a  vowel,  Chav6e  (Lexiologie  Indo-euro- 
p^enne,  p.  18),  with  great  probability,  explains  the  Greek  spir- 
itus lenis  as  the  sliff/U  breath  which  precedes  an  initial  vowel ; 
for  as  the  vibration  of  the  vocal  ligaments  is  due  to  the  pass- 
ing air,  a  little  must  necessarily  pass  before  their  quiescent 
state  can  be  changed. 

Professor  Lepsius  uses  the  acute  accentual  (')  f  over  (ft)  for 
tsh;  over  (x)  to  distinguish  the  German  ch  in  ich  from  that 
in  cLch ;  after  (/),  &c.  to  denote  the  mouill6  effect ;  and  in  (7') 
the  Welsh  surd  aspirate  /,  for  some  unexplained  reason.  To 
English  sh  and  zh  are  assigned  s  and  z  surmounted  by  the  (^) 
mark  for  short  quantity,  —  a  perversion  of  a  well-known  mark, 
required,  with  the  mark  of  length  (as  in  Dacota  s  and  sh^ 
Biggs,  pp.  184, 188),  to  distinguish  long  and  short  continuous 

*  Bat  Dr.  Latham,  English  Language,  1841,  considers  8  the  lenis  of  ah.  He 
omits  A,  wh^  ngy  rh,  from  his  System  of  Consonants,  p.  112,  and  he  considers  the 
mates  specifically  distinct  to  be  no  more  than  sixteen.  To  these  add  his  "  Semi- 
vowels, w,  y/*  and  **  ^iquids,  m,  n,  /,  r,"  n  being  given  as  the  liqaid  of  ^  d;  and  /, 
of  k^g. 

t  As  an  accent  mark,  this  shoald  be  thick  above,  and  for  the  secondary  accent 
thicker  below.  If  ased  for  other  purposes,  it  should  be  of  equal  thickness.  Used 
with  ( " )  for  sonant  and  sard,  the  middle  part  should  be  cut  away  to  give  the  ap- 
pearance of  two  dots  in  sloped  directions. 
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consonants  in  some  languages.  S  is  thus  prolonged  in  hissing. 
"  The  people  of  MallicoUo  use  R  in  many  words,  two  or  three 
being  frequently  joined  together They  express  their  ad- 
miration by  hissing  like  a  goose."     (Cook's  Second  Voyage.) 

A  dot  is  used  over  (n)  by  Lepsius,  for  English  and  German 
«g*,  which  is  equivalent  to  representing  n  with  a  dotted  w-char- 
acter.  Consistency  should  have  required  this  dot  to  be  ("), 
because  both  indicate  that  the  marked  letter  belongs  to  a  pos- 
terior contact.  Ellis's  character  is  much  better,  —  an  t^charao- 
ter  with  the  second  limb  ending  like  (;).  As  a  capital  (and 
capitals  are  of  doubtful  utility)  that  of  Biggs  is  a  good  one, 
being  (N)  with  the  diagonal  shaped  like  a  sloped  (J.)  As  a 
dot  is  the  slightest  of  marks,  it  should  be  used  (below  the  let- 
ters) to  indicate  those  slight  evanescent  consonants  and  vowels 
which  occur  in  some  languages. 

Rule  IV.,  although  it  cannot  be  called  unphilosophical,  would 
deprive  us  of  a  well-known  and  exceedingly  definite  mode  of 
notation  with  the  aid  of  ('  '),  and  obviate  the  necessity  for 
many  new  characters  in  the  course  of  linguistic  discovery. 
By  first  assuming  that  I  and  r  are  "  fiicatives,"  Professor  Lep- 
sius admits  (')  with  /,  r,  but  denies  it  to  n,  m,  as  "  explosives," 
without  promdivg  a  means  to  indicate  the  same  phenomenon  in  the 
latter  case.  Sjogren  (Ossetische  Sprachlehre,  St  Petersburg, 
1844)  has  a  good  notation  for  the  aspirates.  He  uses  the 
Russian  alphabet  for  a  basis,  and  instead  of  the  ordinary  A, 
he  curves  the  end  towards  the  left  below  the  line,  in  the  shape 
of  (:>),  then  uses  this  appendage  as  the  indicator  of  aspiration 
and  spiration,  by  adding  it  to  the  stem  of  the  Russian  charac- 
ters for  /?,  t^  gy  and  i,  curving  the  last  line  of  k  backwards. 
For  English  dz  he  uses  J,,  which  is  unnecessary,  as  the  z 
character  should  appear  fully,  if  the  sound  exists.  Lepsius 
(p.  69)  seems  inclined  to  approve  of  this  mode  of  writing  1;, 
&c.  Such  forms  should  be  left  for  the  concurrent  emission  of 
consonants  formed  simultaneously  (Rapp,  L  84).  Thus  a 
child  learning  to  speak  formed  I  by  applying  the  tongue  to 
the  upper  lip,  and  passing  the  voice  over  the  lower  lip,  produ- 
cing a  sound  having  the  quality  of  /  and  *b. 
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COMmVJiilCATlOTiS. 

A.     MATHEMATICS   AND  PHYSICS. 

L    MATHEMATICS. 

1.  On  the  Laws  of  Human  Mortality.  By  C.  F.  M'Cay,  Pres- 
ident of  the  South  Carolina  College,  and  Professor  of  Mathematics 
and  Astronomy. 

Various  attempts  have  been  made  to  determine  the  law  of  human 
mortality  at  different  periods  of  life.  In  the  early  part  of  the  eigh- 
teenth  century,  it  was  suggested  that  an  equal  number  die  at  every 
age  in  a  stationary  population.  The  Northampton  table  of  Dr.  Price 
rather  favored  this  suggestion,  but  other  tables  of  mortality  published 
by  him  in  later  editions  of  his  book  destroyed  all  confidence  in  this 
law.  An  arithmetical  progression  for  early  manhood,  and  a  geometri- 
cal for  old  age,  were  then  proposed.  These  not  being  satisfactory,  Mr. 
Grompertz,  in  the  Philosophical  Transactions  of  1825,  brought  forward 
a  transcendental  formula  which  represented  the  mortality  from  twenty 
to  sixty  years  of  age  with  great  accuracy.  In  1832,  Mr.  Edmonds 
extended  this  law  to  the  whole  period  of  human  life,  by  using  two 
formulas,  one  for  manhood  and  the  other  for  old  age.  As  the  divid- 
iDg  line  between  these  two  periods  varied  from  fifty-five  to  sixty  in 
different  tables,  and  corresponded  to  no  physiological  change  in  our 
organization,  the  two  laws  of  Mr.  Edmonds  did  not  receive  much 
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favor ;  and  as  they  involved  six  variable  constants  for  every  table, 
they  were  of  little  practical  utility,  either  for  the  construction  of  ta- 
bles, detecting  anomalies,  or  harmonizing  the  irregularities  which  are 
found  in  all  the  statistics  of  human  mortality. 

I  have  obtained  a  single  law  which  extends  from  early  manhood  to 
the  extreme  limit  of  human  life.  It  was  first  discovered  by  an  analy- 
sis of  the  Northampton  and  Carlisle  tables  ;  but  it  has  been  compared 
with  a  large  number  of  others ;  and  so  complete  is  its  agreement  with 
all,  that  at  no  age  does  the  calculated  number  of  the  living  differ  from 
the  number  given  in  the  tables  by  a  single  yearns  mortality.  The 
comparison  has  been  made  with  all  the  tables  to  which  I  have  had  ac- 
cess. These  comprise  Halley's,  the  Switzerland,  Vienna,  Berlin,  Bran- 
denburg, Norwich,  London,  Northampton,  Warrington,  Chester,  Stock- 
holm, Shrewsbury,  Kersebooms,  Desparcieux,  the  three  Swedish,  the 
three  Equitable,  the  Amicable,  Montpelier,  Duvillard's  for  France,  Des- 
parcieux's  for  monks  and  nuns,  Farr^s  English,  Farr^s  Northampton, 
Finlaison^s,  the  Combined  Experience  of  the  Liondon  Insurance  Com- 
panies, Nieson^s  Friendly  Societies  of  Great  Britain,  Brussels,  Ham- 
burg, Amsterdam,  Baltimore,  Charleston,  and  others  ;  and,  except  in 
the  last  six  or  eight  years  of  life,  in  which  no  confidence  is  placed  in 
any  of  the  tables,  the  disagreement  does  not  exceed  the  limits  above 
mentioned.  The  number  of  the  living,  as  calculated  for  the  age  of 
seventy-five,  for  example,  is  always  greater  than  the  actual  number 
for  seventy-six,  and  less  than  for  seventy-four.  When  it  is  remem- 
bered that  these  tables  have  been  constructed  for  different  times  and 
different  countries,  by  various  methods  of  interpolation,  many  of  them 
on  incomplete  and  unsatisfactory  data,  and  some  on  wrong  principles, 
such  an  agreement  will  be  considered  a  decisive  proof  of  the  law 
which  is  proposed. 

The  extensive  interests  dependent  on  the  law  and  the  rate  of  mor- 
tality in  the  United  States,  Great  Britain,  and  other  countries,  invest 
this  matter  with  a  high  degree  of  practical  importance,  independent  of 
the  scientific  interest  attached  to  the  application  of  a  mathematical 
law  to  so  uncertain  a  subject  as  the  duration  of  human  life. 

If  the  Northampton  table  be  examined,  it  will  be  found  that  the 
deaths  are  either  stationary,  or  increase  from  the  age  of  ten  to  sixty- 
one,  and  then  diminish  to  the  end  of  life.  This  increase  and  decrease 
are  irregular,  and  follow  no  definite  law.    If  the  ratios  of  the  dying 
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and  the  living  at  each  age  be  examined,  a  continual  increase  will  be 
observed.  Excluding  a  few  exceptional  cases,  this  advance  is  found 
invariable  in  all  the  tables.  It  becomes  more  rapid  at  the  older  ages, 
but  that  its  progress  is  not  a  geometrical  progression  will  be  evident 
by  taking  the  logarithms  of  these  ratios  and  observing  their  differences. 
If,  however,  these  differences  be  examined,  a  geometrical  progression 
will  be  discovered  in  them.  This  result  shows  that  the  rate  of  mor» 
tality  or  the  ratio  of  the  dying  and  the  living  is  represented  by  the 
formula  a^^,  in  which  x  is  the  age,  and  a,  &,  and  c  are  constants  that 
differ  for  the  several  tables.  For  if  the  logarithm  of  this  function  be 
taken,  it  will  be  evident  that  a  will  disappear  when  the  differences  are 
found,  and  that  a  geometrical  progression  will  be  developed  in  which 
c  is  the  constant  multiplier. 

Here  are  the  numbers  from  the  Northampton  table  for  seven  ages, 
at  intervals  of  ten  years :  — 

At  the  age  of  25  85  45 

Olie  living  were  4760  4010  8248 

And  the  dying  75  75  78 

The  ratios  are  .0158  .0187  .0240 

Their  logarithms     —2.199  —2.272  —2.380 

The  differences  are  .073  .108 

The  ratios  are  1.48 


55 

65 

75 

85 

2448 

1632 

832 

186 

82 

80 

80 

41 

.0336 

.0492 

.0943 

.219 

-2.526 

—2.692 

—2.974 

—1.340 

.146 

.166 

.282 

.366 

1.35 

1.14 

1.70 

1.80 

.254 

.312 

448 

.648 

1.40 

1J23 

1.44 

1.45 

.327 

.420 

.594 

.814 

1.29 

1.41 

1.37 

.493 

.702 

.960 

1.42 

1.37 

1.39 

1.38 

1.36 

1.39 

Differences  for  twenty  years  .181 

The  ratios  are 

Differences  for  thirty  years 

The  ratios  are 

Differences  for  forty  years 

The  ratios  are 

Average  ratios 

None  of  these  ratios  differ  much  from  each  other,  and  the  averages 
are  very  nearly  the  same.  A  slight  increase  of  the  deaths  at  sixty- 
five,  and  decrease  at  seventy-five,  would  make  all  agree  very  closely. 
As  the  mortality  of  any  single  year  of  life  is  not  to  be  depended  on, 
this  agreement  is  sufficient  to  suggest  the  law  which  I  have  proposed. 
A  more  careful  and  extended  comparison  will  be  necessary  to  estab- 
lish it. 

Before  doing  this,  however,  let  me  refer  to  the  principle  which  un- 
derlies it.  Mr.  Edmonds  deduced  his  law  from  the  supposition  that 
our  vital  energy,  or  our  power  to  resist  the  attacks  of  disease,  decreases 
continually  with  advancing  years,  in  such  a  manner  that  the  portions 
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of  our  remainiDg  mortality  which  we  lose  at  each  instant  of  time  in- 
crease in  geometrical  progression.  This  hypothesis  is  exceedingly 
probable,  but  Mr.  Edmonds  erred  in  making  these  increments  corre- 
spond to  the  deaths  in  a  stationary  population.  By  making  them  rep- 
resent the  increase  in  the  rate  of  mortality,  that  is,  in  the  ratio  of  the 
dying  and  the  living,  the  law  which  I  have  proposed  may  be  deduced. 

If  L  represent  the  living  and  D  the  dying  at  any  age  x^  a,  ^,  and  c 
being  constants,  then,  according  to  Mr.  Edmonds,  the  momentary  de- 
crement of  L  varies  with  La*  or  — (2L  =  L  a  If  dx.  But  if  the 
increment  is  made  to  refer  to  the  rate  of  mortality  or  the  ratio  of  D 
to  L,  then  if  this  be  called  r  we  have,  dr  =  r  fi  if  dx. 

Dividing  this  by  r  and  integrating,  we  have 

log  r  =  c*  log  ft  +  log  a, 

r 
or  log  -  =  c*  log  J, 

or  -  =  &     or  r  =  aft. 

a 

The  partial  laws  of  Mr.  Gompertz  and  Mr.  Edmonds  differ  from 
mine  fundamentally.  In  theirs,  the  number  of  the  living  follows  a  cer- 
tain law  ;  in  mine,  the  law  relates  to  the  ratio  of  the  dying  and  the  liv- 
ing. Theirs  was  limited  to  manhood  or  to  old  age,  mine  includes  both 
these  periods.  Mine  involves  only  three  constants,  and  by  obtaining 
the  average  of  these  for  all  ages,  the  anomalies  and  errors  of  the  ta- 
bles may  be  checked  and  corrected. 

To  compare  the  proposed  function  with  the  tables,  and  to  test  it  for 
all  periods  from  manhood  to  old  age,  the  Northampton  table  is  given 
below,  and  along  with  it  one  calculated  from  the  formula  r  ^  a  h^. 
In  this  c  =  1.031,  logarithm  of  a  =  — 2.986,  and  logarithm  of  loga- 
rithm of  5  =  —  2.995.  The  agreement  between  the  two  tables  is 
seen  at  a  glance  to  be  very  close. 

If  the  number  of  the  living  at  the  several  ages  be  examined,  it  will 
be  seen  that  the  greatest  difference  occurs  at  the  age  of  fifty-eight,  and 
only  amounts  to  thirteen,  which  is  less  than  one  sixth  of  a  year's  mor- 
tality at  that  age.  That  is,  the  number  calculated  to  be  alive  at  the 
age  of  fifty-eight  is  the  number  found  to  be  living  at  the  age  of  fifty- 
seven  years  and  ten  months.  At  eighty-five -and  eighty-six  the  differ- 
ence is  twelve,  which  is  about  a  third  of  one  year's  mortality.  All 
expire  in  both  tables  at  the  age  of  ninety-six ;  and  even  when  the 
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number  of  the  living  is  reduced  to  fifteen  or  twenty  out  of  the  ten 
thousand  who  are  supposed  to  begin  the  table,  the  calculated  number 
never  disagrees  with  the  tabular  by  a  single  year's  mortality. 

If  the  deaths  in  the  two  tables  be  examined,  it  will  be  found  that  for 
thirty  ages  the  number  is  exactly  the  same  in  both.  For  nineteen  they 
differ  only  one,  and  for  only  a  single  age,  that  of  eighty-three,  does  the 
difference  amount  to  five. 

For  the  first  ten  years  the  whole  number  of  the  dying  is  750,  instead 
of  747.  For  the  next  ten  it  is  753,  instead  of  750.  For  each  follow- 
ing decade  the  calculated  numbers  are 

773    805    827    753    424    and    47, 
while  Dr.  Price's  are 

778    819     806    763    423    and    46; 
the  difference  never  amounting  to  three  per  cent,  and  in  dye  out  of  the 
eight  ten*year  periods  being  less  than  one  per  cent.     The  sum  of  all 
the  positive  and  negative  errors  in  the  eight  decades  is  only  58. 

The  most  trying  test  is  the  annual  ratio  of  mortality.  From  twenty- 
one  to  sixty  these  do  not  differ  in  the  two  tables  by  one  fortieth  of  their 
amount ;  and  up  to  the  age  of  eighty  they  do  not  differ  one  twentieth  ; 
and  at  no  time,  to  the  very  end  of  life,  does  the  difference  reach  one 
fifth.  These  larger  errors  at  the  higher  ages  arise  from  Dr.  Price's 
imperfect  method  of  interpolation,  since  the  whole  number  of  the 
dying  in  the  last  two  decades  of  life  are  almost  exactly  the  same  in 
both  tables,  being  424  and  47,  instead  of  423  and  46. 

The  agreement  in  all  these  four  particulars  is  very  satisfactory. 
With  few  of  the  other  tables  is  it  so  close  as  in  the  Northampton. 
But  in  all,  the  differences  are  extremely  small.  At  no  period  of  life 
are  the  errors  in  different  tables  in  one  direction  all  positive  or  all 
negative.  To  bring  out  this  comparison,  the  Equitable  table  of  Mr. 
Morgan  is  subjoined.  This  is  founded  on  the  experience  of  the  Equi- 
table Insurance  Company  of  London,  from  1752  to  1829.  In  the  cal- 
culated table,  c  =  1.027,  logarithm  of  a  =  — 3.452,  and  logarithm  of 
log.  b  =  —1.311. 

Up  to  the  age  of  eighty- five,  the  greatest  difference  between  the  cal- 
culated and  the  actual  tables  does  not  exceed  six  tenths  of  one  year's 
mortality.  The  errors  are,  however,  generally  different  from  those  of 
the  Northampton. 

Thus  the  greatest  excess  in  the  living  at  Northampton  is  at  the  age 
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of  fifly-eight,  while  the  greatest  deficiency  in  the  Equitable  is  at  (iffy* 
seven.  The  greatest  deficiency  in  the  Northampton  is  at  seventy-two, 
and  the  greatest  excess  in  the  Equitable  is  at  seventy-three. 

Between  thirty  and  forty,  the  deaths  in  both  the  Northampton  and  the 
Equitable  are  slightly  too  large ;  but  in  the  seven  other  decades  the  pos- 
itive errors  of  one  table  correspond  to  the  negative  errors  in  the  other. 

The  smallness  of  all  these  errors,  and  their  opposite  directions  in  the 
several  tables,  furnish  satisfactory  proof  that  the  formula  we  have  giv- 
en represents  a  true  law  of  nature. 

Among  the  inferences  that  may  be  drawn  from  the  law  are  the  fol- 
lowing :  — 

1.  The  rate  of  mortality  invariably  increases  from  youth  to  old  age. 

2.  This  rate  is  continually  accelerated,  even  in  a  higher  ratio  than 
in  a  geometrical  progression. 

3.  In  early  manhood  the  rate  does  not  differ  much  from  a  slow  arith- 
metical progression. 

4.  There  are  no  crises  or  climacterics  at  which  the  chances  for  life 
are  stationary  or  improving. 

5.  There  are  no  periods  of  slow  and  rapid  increase  succeeding  each 
other ;  but  one  steady,  invariable  progress. 

6.  The  law,  though  not  the  rate  of  mortality,  is  the  same  for  city 
and  country,  for  healthy  and  unhealthy  places,  for  every  age  and 
country  and  locality  ;  and  this  law  is,  that  the  differences  of  the  loga- 
rithms of  the  rates  of  mortality  are  in  geometrical  progression. 

Comparinn  of  the  Formula  mth  the  Northampton  TaUe  of  MortaUty. 


Age. 

LiTlngof 

Dying. 

Ratio  of  Dying 

Number 

Bnonof 

Errors  of 

Dr.  Price. 

liTlng. 

andLiTlng. 

of  Dying. 

the  Living. 

the  laying. 

20 

5132 

72 

5132 

.0147 

75 

0 

3+ 

21 

5060 

75 

5057 

.0149 

76 

3— 

0 

22 

4985 

75 

4982 

.0151 

75 

3— 

0 

23 

4910 

75 

4907 

.0153 

75 

3— 

0 

24 

4835 

75 

4832 

.0156 

75 

3— 

0 

25 

4760 

75 

4757 

.0158 

75 

3— 

0 

26 

4685 

75 

4682 

.0160 

75 

3— 

0 

27 

4610 

75 

4607 

.0163 

75 

3— 

0 

2S 

4535 

75 

4532 

.0165 

75 

3— 

0 

29 

4460 

75 

4457 

.0168 

75 

3— 

0 

30 

4385 

75 

4382 

.0171 

75 

3— 

0 

31 

4310 

75 

4307 

.0174 

75 

3— 

0 

32 

4235 

75 

4232 

.0177 

75 

3— 

0 

33 

4160 

75 

4157 

.0181 

75 

3— 

0 

34 

4085 

75 

4082 

.0184 

75 

3— 

0 

35 

4010 

75 

4007 

.0188 

75 

3— 

0 

36 

3935 

75 

3932 

.0192 

75 

3 

0 

37 

3860 

75 

3857 

.0196 

76 

4— 

1+ 
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Age. 

LlTingof 

Dying. 

Calculated 

Ratio  of  Dying 

Number 

Errors  of 

Errors  of 

Dr.  Price. 

Living. 

and  liying. 

of  Dying. 
76 

theLlTing 

ttie  Dying. 

38 

3785 

75 

3781 

.0201 

5— 

1  + 

39 

3710 

75 

3705 

.0205 

76 

6— 

1+ 

40 

3635 

76 

3629 

.0209 

76 

6— 

0 

41 

3559 

77 

3553 

.0214 

76 

6— 

1— 

42 

3482 

78 

3477 

.0220 

77 

5— 

1— 

43 

3404 

78 

3400 

.0226 

77 

4— 

1— 

44 

3326 

78 

3323 

.0232 

77 

3— 

1— 

45 

3248 

78 

3246 

.0238 

77 

2— 

1— 

46 

3170 

78 

3169 

.0245 

78 

1— 

0 

47 

3092 

78 

3091 

.0252 

78 

1— 

0 

48 

3014 

78 

3013 

.0260 

78 

1— 

0 

49 

2936 

79 

2935 

.0268 

79 

1— 

0 

50 

2857 

81 

2856 

.0276 

79 

1— 

2— 

51 

2776 

82 

2777 

.0285 

79 

1  + 

3— 

52 

2694 

82 

2698 

.0295 

80 

4+ 

2— 

53 

2612 

82 

2618 

.0305 

80 

6+ 

2— 

54 

2530 

82 

2538 

.0316 

80 

8+ 

2— 

55 

2448 

82 

2458 

.0328 

81 

10+ 

1— 

56 

2366 

82 

2377 

.0340 

81 

11+ 

1— 

57 

2284 

82 

2296 

.0353 

81 

12+ 

1— 

58 

2202 

82 

2215 

.0368 

82 

18+ 

0 

59 

2120 

82 

2133 

.0384 

82 

13+ 

0 

60 

2038 

82 

2051 

.0401 

82 

18+ 

0 

61 

1956 

82 

1969 

.0419 

83 

13+ 

1+ 

62 

1874 

81 

1886 

.0439 

83 

12+ 

2+ 

63 

1793 

81 

1803 

.0460 

83 

10+ 

2+ 

64 

1712 

80 

1720 

.0483 

83 

8+ 

3+ 

65 

1632 

80 

1637 

.0505 

83 

6+ 

3+ 

66 

1552 

80 

1554 

.0533 

83 

2+ 

3+ 

67 

1472 

80 

1471 

.0562 

83 

1— 

3+ 

68 

1392 

80 

1388 

.0594 

82 

4— 

2+ 

69 

1312 

80 

1306 

.0629 

82 

6— 

2+ 

70 

1232 

80 

1224 

.0667 

81 

8— 

1  + 

71 

1152 

80 

1143 

.0708 

81 

9— 

1  + 

72 

1072 

80 

1062 

.0753 

80 

10— 

0 

73 

992 

80 

982 

.0804 

79 

10— 

1— 

74 

912 

80 

903 

.0857 

77 

9— 

3— 

75 

832 

80 

826 

.0916 

76 

6— 

4— 

76 

752 

77 

750 

.0982 

74 

2— 

3— 

77 

675 

73 

676 

.105 

71 

1+ 

2— 

78 

602 

68 

605 

.118 

68 

3+ 

0 

79 

534 

65 

537 

.123 

66 

3+ 

1  + 

80 

469 

63 

471 

.138 

63 

2+ 

0 

81 

406 

60 

408 

.144 

59 

2+ 

1— 

82 

346 

57 

349 

.157 

55 

3+ 

2— 

83 

289 

55 

294 

.171 

50 

5+ 

5— 

84 

234 

48 

244 

.187 

46 

10+ 

2— 

85 

186 

41 

198 

.205 

41 

12+ 

0 

86 

145 

34 

157 

.225 

35 

12+ 

1  + 

87 

HI 

28 

122 

.248 

SO 

11  + 

2+ 

88 

83 

21 

92 

.274 

25 

9+ 

4+ 

89 

62 

16 

67 

.304 

20 

5+ 

4+ 

90 

46 

12 

47 

.338 

16 

1  + 

4+ 

91 

34 

10 

31 

.378 

12 

3— 

2+ 

92 

24 

8 

19 

423 

8 

5— 

0 

93 

16 

7 

11 

.475 

5 

5— 

2— 

94 

9 

5 

6 

.536 

8 

3— 

2— 

95 

4 

3 

3 

.607 

2 

1— 

1— 

96 

1 

1 

1 

.691 

1 

0 

0 

28 
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Comparison  mth  Morgcm's  Equitable  TaUe  of  Mortality. 


Age. 
20 

UTlng  in 
Table. 

Dying. 
34 

Ctdculated 
Number  of 
the  LiTing. 

Radoby 
Fonniila. 

CaleulafeMi 

Errors  in 
the  Living 

£rroisin 
theOeatlM. 

4641 

4641 

.0063 

29 

0 

4— 

21 

4607 

33 

4612 

.0064 

30 

5+ 

3— 

22 

4574 

33 

4582 

.0066 

80 

8+ 

3— 

23 

4541 

33 

4552 

.0067 

31 

11  + 

2— 

24 

4508 

33 

4521 

.0069 

31 

13+ 

2— 

25 

4475 

34 

4490 

.0071 

32 

15+ 

2— 

26 

4441 

34 

4458 

.0073 

33 

17+ 

1— 

27 

4407 

34 

4425 

.0074^ 

33 

18+ 

1— 

28 

4373 

34 

4392 

.0076 

33 

19+ 

1— 

29 

4339 

34 

4359 

.0078 

34 

20-f 

0 

30 

4305 

35 

4325 

.0081 

35 

20+ 

0 

31 

4270 

35 

4290 

.0083 

36 

20-h 

1+ 

32 

4235 

36 

4254 

.0086 

37 

19+ 

1  + 

33 

4199 

37 

4217 

.0088 

37 

18+ 

0 

34 

4162 

38 

4180 

.0091 

38 

18+ 

0 

35 

4124 

38 

4142 

.0094 

39 

18+ 

1  + 

36 

4086 

39 

4103 

.0097 

40 

17+ 

1+ 

37 

4047 

40 

4063 

.0100 

41 

16+ 

1  + 

38 

4007 

42 

4022 

.0103 

41 

15+ 

1— 

39 

3965 

43 

3981 

.0107 

43 

16+ 

0 

40 

3922 

43 

3938 

.0111 

44 

16+ 

1+ 

41 

3879 

44 

3894 

.0115 

45 

15+ 

1+ 

42 

3835 

44 

3849 

.0119 

46 

14+ 

2+ 

43 

3791 

44 

3803 

.0124 

47 

12+ 

3+ 

44 

3747 

45 

3756 

.0129 

48 

9+ 

3+ 

45 

3702 

47 

3708 

.0134 

50 

6+ 

3+ 

46 

3655 

47 

3658 

.0140 

51 

3+ 

4+ 

47 

3608 

48 

3607 

.0147 

53 

1— 

5+ 

48 

3560 

49 

3554 

.0153 

54 

6— 

5+ 

49 

3511 

50 

3500 

.0160 

56 

11— 

6+ 

50 

3461 

52 

3444 

.0168 

58 

17— 

6+ 

51 

3409 

55 

3386 

.0177 

60 

23— 

5+ 

52 

3354 

58 

3326 

.0185 

62 

28— 

4+ 

53 

3296 

62 

3264 

.0195 

64 

32— 

2+ 

54 

3234 

64 

3200 

.0206 

66 

34— 

2+ 

55 

3170 

66 

3134 

.0217 

68 

36— 

2+ 

56 

3104 

70 

3066 

.0229 

70 

38— 

0 

57 

3034 

75 

2996 

.0242 

72 

38— 

3— 

58 

2959 

79 

2924 

.0256 

75 

35— 

4— 

59 

2880 

84 

2849 

.0272 

78 

31— 

6— 

60 

2796 

88 

2771 

.0290 

80 

25— 

8— 

61 

2708 

90 

2691 

.0308 

83 

17— 

7— 

62 

2618 

91 

2608 

.0329 

86 

10— 

5— 

63 

2527 

93 

2522 

.0352 

89 

5— 

4 — 

64 

2434 

95 

2433 

.0376 

92 

1— 

3— 

65 

2339 

100 

2341 

.0403 

94 

2+ 

6— 

66 

2239 

105 

2247 

.0433 

97 

8+ 

8— 

67 

2134 

108 

2150 

.0466 

100 

16+ 

8— 

68 

2026 

111 

2050 

.0502 

103 

24+ 

»— 

69 

1915 

115 

1947 

.0543 

106 

32+ 

9— 

70 

1800 

115 

1841 

.0588 

108 

41  + 

7— 

71 

1685 

115 

1733 

.0640 

111 

48+ 

4 — 

72 

1570 

115 

1622 

.0697 

118 

524- 

2— 

73 

1455 

115 

1509 

.0759 

115 

54+ 

0 

74 

1340 

115 

1394 

.0829 

116 

54+ 

1  + 

75 

1225 

114 

1278 

.0906 

116 

53+ 

2+ 

76 

nil 

109 

1162 

.0995 

118 

61  + 

7+ 
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Age. 

LiTingin 
Table. 

Dying. 

Calculated 
Number  of 
tbeLiTing. 

Batioby 
Formula. 

Dying  as 

Enonin 
tbeLiTing. 

Ettots  in 
the  Deaths. 

77 

1002 

105 

1046 

.110 

115 

44+ 

10+ 

78 

897 

101 

931 

.121 

113 

34+ 

12+ 

79 

796 

96 

818 

.134 

110 

22+ 

14+ 

80 

700 

93 

708 

.149 

105 

8+ 

12+ 

81 

607 

90 

603 

.165 

99 

4— 

9+ 

82 

517 

85 

504 

.184 

98 

IS— 

8+ 

83 

432 

83 

411 

.206 

86 

21— 

3+ 

84 

349 

73 

325 

.230 

75 

24— 

2+ 

85 

276 

61 

250 

.258 

64 

26— 

8+ 

86 

215 

50 

186 

.292 

54 

29— 

4+ 

87 

165 

42 

132 

.831 

44 

33— 

2+ 

88 

123 

34 

88 

.378 

83 

35— 

1— 

89 

89 

22 

55 

.433 

24 

34— 

2+ 

90 

67 

18 

31 

.498 

15 

36— 

3— 

91 

49 

14 

16 

.575 

9 

33— 

5— 

92 

35 

11 

7 

.670 

5 

28— 

6— 

93 

24 

8 

2 

.787 

2 

22— 

6— 

94 

16 

7 

1 

.933 

1 

16— 

7— 

95 

9 

5 

9— 

5— 

96 

4 

3 

4— 

3— 

97 

1 

1 

1— 

1— 

2.  Investigation  and  Calculation  of  the  Results  of  a  Process 
OF  Causation.    By  John  Pateeson. 

**  Felix  qui  potnit  reram  cognosoere  causas.'* — Yiegil. 

(1.)  Causes  are  known  to  us  only  by  their  effects,  and  are  intro- 
duced into  mathematical  reasoning  by  means  of  the  measures  of  such 
effects  in  space  and  time.  It  is  conducive  to  simplicity  of  calculation 
to  take  the  effect  produced  in  a  given  unit  of  time  for  unit  of  effect. 
The  effect  is  the  measure  of  its  cause  ;  and  this  cause,  in  its  turn,  may 
be  the  effect  of  a  still  higher  cause,  and  so  on  for  several  steps  in  as- 
cending order. 

(2.)  The  phenomenon  of  a  falling  body  affords  an  example  of  sub- 
ordinated causation.  The  force  of  gravitation  is  a  constant  activity, 
generating  velocity  uniformly  when  acting  upon  a  free  material  body ; 
and  this  velocity  moves  the  body  with  an  accelerating  rate  of  motion 
while  it  is  itself  being  generated,  and  with  a  constant  motion  afler  its 
genesis  has  ceased.  The  force  of  gravity  is  here  a  primitive  power, 
or  first  cause,  having  velocity  for  its  immediate ;  while  the  velocity,  in 
its  turn,  is  the  cause  of  the  motion  of  the  body,  of  its  description  of 
3* 
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a  certain  distance  in  space.  The  three  terms  of  this  ordinated  series, 
in  the  descending  order,  may  be  denominated  forces,  or  powers,  or 
cause  respectively  of  the  second,  first,  and  zeroth  order,  and  denoted 
by  the  characters  <t>",  <t>',  and  <tf.  To  obtam  suitable  measures  of  the 
terms,  the  notion  of  time  must  be  introduced  by  its  unit  1, ,  and  com- 
bined with  that  of  the  unil  of  linear  space  1^.  The  moved  body  may 
be  selected  as  unit  of  mass  1^ ;  and  the  distance  it  describes  in  an  ar- 
bitrarily chosen  first  unit  of  time  l'^  may  be  the  unit  of  distance,  or 
linear  unit  l^ . 

During  the  first  unit  of  time  1', ,  the  velocity  generated  by  gravity 
increases  uniformly  from  zero  to  a  certain  ultimate  value  ;  and  thence- 
forward, if  isolated  from  the  force  of  gravity,  remains  constant  at  that 
value ;  which  is  the  same  as  saying  that  the  unit  of  mass  1^  moved 
from  rest  with  a  uniformly  accelerated  rate  of  motion  during  the  first 
unit  of  time  I'l,  through  the  unit  of  distance  l^,  and  will  thencefor- 
ward move  uniformly  with  its  last  acquired  rate  of  motion  if  the  grav- 
ity were  destroyed.  With  this  last  rate  of  motion,  the  mobile  1^  will 
evidently  describe  a  greater  distance  in  the  unit  of  time  than  it  described 
while  under  acceleration  in  the  time  l\ ;  and  because  the  acceleration 
of  the  velocity  varied  regularly,  and  the  units  of  space  and  time  are 
of  arbitrary  magnitude,  it  follows  that,  when  comparison  is  made  of 
the  effects  produced  by  the  velocity  in  two  equal  periods  of  time,  the 
former  with  regularly  varying  acceleration,  the  latter  with  the  ultimate 
constant  value  acquired  in  the  first  period,  the  distance  described  by 
the  mobile  1^  in  the  latter  period  will  always  be  some  definite  number 
m  of  times  the  distance  it  described  in  the  former.  This  is  the  same 
thing  as  saying  that  the  ratio  of  the  distance  generated  by  the  ultimate 
velocity  generated  in  a  given  time,  to  the  distance  generated  by  the 
velocity  during  its  own  genesis,  is  that  of  m :  1. 

From  this  it  appears  that  the  velocity  generated  in  a  given  time  has 
two  different  but  fixedly  related  measures :  first,  the  distance  generated 
by  the  velocity  during  its  own  genesis,  which  may  be  termed  its  simul- 
taneous measure ;  and,  secondly,  the  distance  that  will  be  generated 
by  the  ultimate  velocity  remaining  constant  during  an  equal  time  after 
that  of  its  genesis,  and  which  may  be  termed  its  successive  measure. 
When  the  time  and  distance  generated  during  it  are  each  unity,  the 
former  measure  of  the  velocity  is  unity,  and  the  latter  measure  will  be 
m ;  and  in  this  case,  also,  unity  will  be  the  simultaneous  measure  of 
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the  force  or  power  that  generates  in  the  unit  of  time  the  velocity  whose 
simultaneous  and  successive  measures  are  1  and  m,  while  m  is  the  suc- 
cessive measure  of  the  same  force. 

To  calculate  the  value  of  m,  let  Ix  he  the  unit  of  velocity,  or  that 
constant  velocity  which  will  carry  the  unit  mass  1^  the  unit  of  dis- 
tance 1 2  in  the  unit  of  time  1(.  The  mohile  !/•  has  descrihed  the  dis- 
tance 1/  in  the  time  Vt  while  the  velocity  m  Ix  was  generated  ;  and  it 
is  thence  evident  that  the  mth  part  of  the  ultimate  velocity  m  Ix  would 
cany  1^ ,  in  the  unit  of  time,  hy  a  uniform  rate  of  motion,  through  the 
same  distance  1|  that  it  has  heen  carried  hy  a  rate  of  motion  acceler- 
ated from  zero  to  the  ultimate  value  m ;  and  as  the  velocity  increased 

uniformly  during  the  unit  of  time  !'« ,  at  the  expiration  of  the  first 

m 
semi-unit  of  time  j^' .  I't  its  ultimate  value  is  q  .  Ix ;  with  which  value, 

m 
remaining  constant,  the  mohile  will  describe  the  distance  »  •  ^2  in  a 

unit  of  time,  and  consequently  the  distance  -^  •  1<  in  the  second  semi- 

m 
unit  of  time  i"  .  l', .    The  ultimate  velocity  q  .  Ix  generated   in  the 

first  semi-unit  of  time  i' .  l', ,  when  referred  to  the  measure  of  the  effect 
it  will  produce  in  a  time  equal  to  that  occupied  in  its  own  genesis, 

therefore  becomes  4  *  Ix ;  and  the  mth  part  of  this  ultimate  velocity, 

taken  constant,  will  describe  with  uniform  motion  the  same  distance  in 
the  time  i'  •  l'{ ,  that  was  really  described  by  the  accelerated  motion 

produced  by  the  uniformly  increasing  velocity  from  0  to  -^  .  1\  :  that 

common  distance  is  therefore  ^ .  1^.    During  the  second  semi- unit  of 

m 
time  i"  •  I'c,  another  increment  ^ .  Ix  is  generated  by  the  gravitating 

force,  which  yields  another  increment  ;| .  1/  of  distance  during  its  gen- 

m 
esis ;  and  altogether  there  is  generated  the  distance  (i  -f-  4  *{~  i)  ^/ 

=  li  in  the  unit  of  time  1',,  and  this  equation  gives  m  =  2.  There- 
fore 2 .  Ix  =  2  ^'  is  the  successive  unit  measure  of  the  effect  of  the  con- 
stant force  <l>"  of  the  second  order,  when  the  simultaneous  measure  of 
the  same  force  is  1 .  Ix  =  1  ^',  the  last  for  the  reason  that  1 .  Ix  =  1  ^' 
produces  the  effect  1,  =:  1  ^^  in  the  time  IV 

(3.)   Remark.    It  is  undeniable  that,  in  equal  times,  the  ultimate 


32  A.     MATHEMATICS    AND    PHYSICS. 

velocity  will  generate  m  times  as  much  distance  as  will  the  uniformly 
increasing  velocity ;  and  as  the  units  of  time  and  of  space  are  hoth 
arbitrary  at  the  outset,  and  independent  of  each  other,  the  magnitude 
Of!  one  of  them  may  be  changed  without  altering  that  of  the  other : 
then  if  the  relation  m  :  1  of  the  successive  to  the  simultaneous  effects 
be  true  for  any  particular  time  <,  it  must  necessarily  be  true  for  any 
other  time  2  ^  3  ^  .  .  .  n  ^  because  the  unit  of  time  may  be  changed 
without  altering  that  of  space. 

(4.)  If  an  activity  increase  from  zero  during  a  time  t^  by  any  reg- 
ular law  of  variation,  and  thenceforward  remain  a  constant  activity 
with  its  ultimate  value,  its  effect  during  an  equal  time  must  necessa- 
rily be  some  number  m  of  times  its  effect  while  in  its  increasing  state. 
From  this  it  follows  that  the  effect  of  the  increasing  activity  will  be 
equal  to  the  mth  part  of  its  effect  in  an  equal  time  with  its  ultimate 
constant  value ;  and  that  the  mth  part  of  the  ultimate  value,  taken  con- 
stant during  the  time  ty  will  produce  in  that  time  the  same  effect  as 
that  due  to  the  increasing  value. 

(5.)  The  relation  above  investigated  for  a  series  of  three  ordinated 
terms  ^'',  ^',  ^°,  may  be  generalized  for  any  number  n  of  terms ;  but 
to  insure  merely  a  sufficient  and  convenient  number  of  terms  for  a 
demonstration,  it  suffices  to  take  n  =  5.  The  condition  of  unity  of 
effect  in  the  first  unit  of  time  will  then  give  the  simultaneous  series  of 
powers  1  ^^,  1  ^*^,  1  <l>"\  1  <t>"y  1  ^',  1  <t>^ ;  while  the  corresponding 
successive  series  will  be  1  ^^ ,  m  ^*^,  mf  ^'",  m"  ^",  m'"  ^',  1  ^',  where 
the  coefficients  m,  m',  m'\  mf"  are  to  be  determined. 

(6.)  Let  ^^  be  a  primitive  cause,  a  constant  activity,  force,  or  power 
of  the  fiflh  order :  it  will  produce  a  uniform  effect  in  time,  consisting 
in  the  generation  of  a  certain  amount  of  power  of  the  fourth  order 
^'^  in  each  unit  of  time  1, ;  which  power  ^^^  will  generate  power  of 
the  third  order  ^''',  which  generates  power  of  the  second  order  ^'', 
which  generates  power  of  the  first  order  ^',  which  generates  power  of 
the  order  zero  ^°,  with  which  the  process  terminates.  Regarding  first 
only  the  effects  produced  in  the  first  unit  of  time  1'^,  the  final  effect 
<fp  will  be  some  phenomenon  regularly  developed  in  time  and  space, 
and  which  may  have  for  its  unit  measure  the  unit  of  distance  1|  de- 
scribed by  the  unit  of  mass  \^  in  the  unit  of  time  T, ,  under  the  action 
of  the  power  of  the  first  order  ^'.  This  convention  will  give  the  co- 
efficient to  the  final  effect,  and  also  to  its  immediate  cause,  of  which 
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it  is  the  unit  measure ;  and  further,  as  the  power  of  the  first  order  is 
the  immediate  efiect  of  the  power  of  the  second  order,  and  a  like  rela- 
tion continues  up  to  the  primitive  power  of  the  fifth  order,  it  follows 
that  unity  will  be  the  coefficient  of  every  term  of  the  series  of  gener- 
ating powers  enumerated,  so  long  as  effects  during  the  first  unit  of 
time  l\  only  are  considered. 

Thus  the  constant  power  1  ^^  of  the  fifth  order  generates  a  unit  of 
power  of  the  fourth  order  1  ^»^  in  the  first  unit  of  time  1', ,  when  that 
power  of  the  fourth  order  is  measured  by  the  power  of  the  third  order 
^'"  which  it  generates  in  the  unit  of  time  I't  of  its  own  genesis.  But 
this  generated  power  of  the  fourth  order  increases  from  zero  to  some 
ultimate  value  during  the  time  1', ;  with  which  ultimate  value,  remain- 
ing constant,  it  would  generate  some  number  m  of  times  the  amount  of 
power  of  the  third  order  in  the  succeeding  unit  of  time  V\ ,  that  was 
generated  by  it  during  the  time  of  its  increase  or  growth  in  IV  From 
this  it  follows  that  the  mth  part  of  the  effect  of  the  power  ^"^  with  its 
ultimate  value,  is  equal  to  its  effect  in  an  equal  time  with  its  increasing 
value  ;  and  that  the  mth  part  of  its  ultimate  value,  taken  constant,  will 
produce  the  same  effect  in  the  same  time  as  that  produced  by  the  in- 
creasing value. 

(7.)  Let  the  effects  originated,  produced,  and  terminated  in  the  first 
unit  of  time  Vt  be  termed  simultaneous ;  and  the  effects  whose  causes 
are  produced  in  the  first  unit  of  time,  but  which  are  themselves  origi- 
nated, produced,  and  terminated  in  the  second  unit  of  time  V\j  be 
termed  successive  effects.  The  simultaneous  unit  measure  of  the  im- 
mediate effect  of  1  ^^  is  1  ^'^ ;  but  its  successive  unit  measure  is 
m<l>^^  since  the  ultimate  value  of  <f>^  generates  m^'"  in  the  time  l'',, 
while  it  generated  only  1  ^'"  while  increasing  in  1',  to  that  ultimate 
value.  As  1  ^^  is  a  uniform  generator,  its  immediate  effect  increases 
uniformly  from  0  to  the  value  m  ^'^  in  the  time  1', ,  and  therefore  has 

the  value  h  <I>^  at  the  expiration  of  the  first  semi-unit  of  time  i' .  l',. 

m  m 

This  power  o  ^*'»  taken  constant,  would  produce  the  effect  o  ^'"  in  a 

unit  of  time,  and  therefore  actually  does  produce  half  that  amount 

7  <P'"  in  the  second  semi-unit  of  time  i"  .  l', ;  and  to  find  the  effect  of 

2  <l>^  during  the  time  ^' .  1',  of  its  own  genesis  or  growth,  it  is  only 
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necessary  to  divide  the  last-named  amount  by  m,  and  thus  get  ^  ff/'' 

m 

for  such  cfTect     Another  equal  increment  of  power  o  ^' '  is  generated 

by  1  ^^  in  the  second  semi-unit  of  time  i" .  I'l,  which  generates  in  like 
manner  the  effect  ^  <!>'"  in  that  time ;  and  as  the  whole  amount  of 
power  of  the  third  order  generated  in  the  first  unit  of  time  must  be 

unity,  there  appears  the  equation  (i  +  4  "h  i)  ^'"  =  ^  ^'"1  which 
gives  m  ==  2  as  the  ratio  of  the  successive  to  the  simultaneous  meas- 
ure of  the  immediate  effect  of  a  cause  (or  of  the  cause  itself)  that 
increases  uniformly  in  time.  It  is  concluded,  that,  when  a  product 
increases  uniformly  in  time,  it  is  the  immediate  effect  of  a  constant  ac- 
tivity ;  and  if  the  product  be  itself  an  activity,  half  its  ultimate  value 
is  competent  in  effect  to  that  of  its  uniformly  increasing  value  for  equal 
times.  Hence  the  factor  2  and  its  reciprocal  respectively  serve  to  in- 
terchange the  simultaneous  and  successive  measures  of  the  immediate 
causal  effect  of  a  primitive  cause. 

Thus  accordingly  as  all  is  measured  by  the  effects  produced  in  the 
first  unit  of  time  1', ,  or  as  the  immediate  effect  ^'^  of  1  <t>^  in  that  time 
is  measured  by  the  effect  itself  produces  in  the  second  unit  of  time 
V\ ,  there  exists  the  first  or  second  of  the  following  notations  of  re- 
sults :  — 

i' .  i\  +  i'' .  V,  =  r,.        i' .  r,  +  r .  V,  =  1',. 

i  «i«^  +  i<l>,^==l  ^«v;  or   i<l>r  +  i  ^'^  =  2  4>'\ 
The  constant  ^  ^'^,  and  the  uniformly  increasing  J  0"^  =  1  ^'  *,  arc 
equivalent  in  their  effects  during  the  same  semi-unit  of  time ;  and 
1  ^,'^  constant  produces  f  <(>"'  in  i" .  1', ,  twice  the  effect  ^  <(>'"  pro- 
duced by  i  ^/^  constant,  or  by  1  <t>i^  variable  in  that  time. 

Having  now  the  simultaneous  and  successive  semi-unit  measures  of 
the  effect  of  1  ^^for  the  first  unit  of  time  1',,  as  also  the  simultaneous 
semi-unit  measures  of  the  effect  of  1  ^»^  for  the  same  time,  the  next 
step  is  to  seek  the  corresponding  successive  semi-unit  measures  of  the 
latter  power  ^»^. 

The  simultaneous  semi-unit  measures  of  the  immediate  effect  of  the 
generated  power  of  the  fourth  order  1  ^'^  are, 

JM',  +  i'M',   =1',. 
i  «/"  +  **'"  1^1^., 
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These  three  increments  of  generated  power  of  the  third  order  are 
themselves  generating  powers,  and  are  the  constant  equivalents  in  ef- 
fect of  so  many  increments  of  generating  power  of  the  same  order, 
increasing  from  zero,  during  the  same  semi-units  of  time.  Like  as 
i  <p^^  was  the  constant  equivalent  in  efiect  to  the  increment  increasing 

from  zero  to  the  uhimate  value  q  ^'^  in  the  semi-unit  of  time,  and  m 
was  found  to  be  2  ;  so  is  |^  <f>"'  the  constant  equivalent  in  effect  to  an 

increment  increasing  from  zero  to  some  ultimate  value  -j  <[)'"   in  the 
semi-unit  of  time,  and  m'  is  now  sought.     Form  the  equation 


=  m'  4>" 


m'  2  m' 


m' 

and  observe  that  while  -j  ^/''  will  be  a  constant  generator  during  the 

.      .     ^  .  2  m' 

second  semi-unit  of  time  ^" .  1', ,  the  increment  — r—  ^'",  being  gener- 
ated by  ^  ^i'^  constant  during  ^" .  1', ,  increases  uniformly  during  that 
time  ;  and  therefore  its  effect  must  be  divided  by  2,  when  it  becomes 

m' 
equal  to  that  of  -j  <f>"'  for  the  same  time. 

Now  the  generated  power  of  the  third  order  increases  from  zero  to 

m' 
the  ultimate  value  -r  ^'"  during  the  first  semi-unit  of  time  ^' .  l'^ ; 

with  which  value  it  would  generate  the  increment  of  power  of  the  sec- 

ond  order  -r  <t>"  in  a  unit  of  time,  and  therefore  actually  will  gener- 

m' 
ate  the  amount  g-  ^"  in  the  second  semi-unit  of  time  i" .  1', ,  and  con- 
sequently i  ^"  the  m'th  part  of  this  amount  in  the  time  of  its  own 
genesis  in  the  first  semi-unit  ^' .  1', ;  and  an  equal  amount  will  be  due 

m' 
to  the  generating  increment  -r  ^'"  generated  in  the  second  semi-unit 

2  m' 
i" .  l\  of  time.     The  increment  -j-  ^'",  bemg  the  immediate  effect 

of  the  constant  generator  i  <t>i^^  during  the  time  i" .  1', ,  increases  uni- 

m'  m' 

formly,  and  therefore  its  effect  in  that  time  will  be  f .  t"  ^"  =  ^  ^" 
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ml 
in  a  unit  of  time,  and  consequently  -g-  xfj/'  in  the  semi-unit  of  tune 

^" .  r,.     Altogether  there  arises  the  equation 

a+j+f-f +*)*"  =  !*", 

which  gives  m'  =  3  as  the  ratio  of  the  successive  to  the  simultaneous 
measures  of  the  mediate  effects  of  a  uniformly  increasing  cause,  or  of 
the  himediate  effects  of  a  constant  cause.  Hence,  as  the  measure  of 
the  effect  is  the  measure  of  the  cause,  the  factor  3  and  its  reciprocal 
respectively  serve  to  interchange  the  simultaneous  and  successive 
measures  of  the  mediate  causal  effect  of  a  primitive  cause. 

With  m'  =  3,  the  successive  equations  of  the  generated  power  of 
the  third  order  becomes  (f  +  ^  j^  +  J)  <f>'"  =  3  <p"' ;  and  the  simul- 
taneous equation  of  the  generated  power  of  the  second  order  at  the 
same  time  is 

+  **»"> 

Each  of  these  increments  is  the  constant  equivalent  in  effect  for  the 
same  time,  of  so  much  variable  power  of  the  second  order,  increasing 
from  zero  to  some  ultimate  value  denoted  by  mf'  times  the  numerical 
coefficient  of  the  increment  considered.  During  the  first  semi-unit  of 
time  i' .  I'l ,  there  will  be  generated  a  quantity  of  power  of  the  second 

order  increasing  from  zero  to  the  ultimate  value  ^  <l>" ;  and  similarly 
for  each  of  the  other  increments  in  the  equation,  which  will  then  be 
written  for  successive  measure, 

m"         .   3  m" 

,   3  m 

.  m" 

m"  m" 

Now  -g-  ^"  would  produce  the  effect  g-  ^'  in  a  unit  of  time,  and 

m" 
therefore  actually  generates  half  that  amount  jg  </>'  in  the  semi-unit 


y  =  m"  4>". 
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^" .  r,  of  time,  and  consequently  the  i»"th  part  -^  <t>'  of  this  amount 

in  the  time  J' .  1', ;  which  last  is  also  the  amount  generated  by  -^  ^" 

3  m" 
in  J" .  l'|.     The  increment  — g-  ^",  bemg  the  immediate  effect  of  the 

constant  generator  f  <l>i'"  during  the  time  J^" .  Vgj  must  have  its  effect 


m' 


II 


divided  by  2,  which  thus  becomes  J  .  •gp  ^'  for  the  unit  of  time,  and 

m/'      ^  3  m" 

therefore  f  •  Tg  ^'  ">r  the  time  i" .  l', ;  and  the  increment  -g—  ^", 

which  is  the  immediate  effect  of  the  uniformly  increasing  generator 
J  (f>"\  or  the  mediate  effect  of  the  constant  generator  J  ^i'^,  during  the 
time  ^" .  I'i ,  must  have  its  effect  divided  by  3,  which  thus  becomes 

§ .  -Q-  ^'  for  the  unit  of  time,  and  therefore  t  •  Jg  ^'  for  the  time 
^" .  1', .    Altogether  there  arises  the  equation 


which  gives  »i"  =  4  as  the  ratio  of  the  successive  to  the  simultaneous 
measure  of  the  trimediate  effects  of  a  constant  cause.  Hence,  the 
factor  4  and  its  reciprocal  mutually  serve  to  interchange  the  simulta- 
neous and  successive  measures  of  the  hi  mediate  causal  efiects  of  a 
primitive  cause. 

With  m"  =  4,  the  successive  equation  of  the  generated  power  of 
the  second  order  becomes  (|  +  -V^  +  V"  +  i)  i>"  =  4  ^" ;  and  the 
simultaneous  equation  of  the  generated  power  of  the  first  order  at  the 
same  time  is 

+  *</»' 

Each  increment  is  the  constant  equivalent  in  effect,  for  the  same 
time,  of  so  much  power  of  the  first  order,  increasing  from  zero  to 
some  ultimate  value  denoted  by  m'"  times  its  numerical  coefficient. 
During  the  first  semi-unit  of  time  i' .  1', ,  the  generated  power  of  the 

first  order  increases  from  zero  to  the  ultimate  value  ~|^  <t>' ;  and  simi- 


h=i*'- 


16 
4 
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larly  for  each  of  the  other  increments,  so  that  the  equation  for  succes- 
sive measures  is 

J' .  l\  +  i"  .  1',  =  l\  : 

m"'  4  m'"       ^ 

16  **'  +  16"  *>' 


6  m'" 


16 

4w'" 


16 


«»' 


=  m"'  4>'. 


+  16*^' 

m!"  m!" 

Now  Tg  ^i'  would  produce  the  effect  -jg-  <i?  in  a  unit  of  time,  and 

therefore  actually  does  generate  half  that  amount  oo   ^^  ^^  ^^^  ^C' 

ond  semi-unit  of  time  J" .  1', ,  and  consequently  the  m'"th  part  of  it 

^  <ff  in  the  first  semi-unit  i'  A'^  of  time  ;  which  last  is  also  the  amount 

,       m"' 
generated  by  Tg-  ^2'  in  the  second  semi-unit  ^" .  V,  of  time. 

4  m'" 
The  increment    ,g    ^/  is  the  immediate  effect  of  the  constant  gen- 
erator \  ^1"  during  the  time  J" .  1', ,  and  must  therefore  have  its  effect 

divided  by  2,  which  thus  becomes  1^  •  TF  ^°  for  the  unit  of  time,  and 

m"' 
consequently  J  •  "w  ^'^  for  the  time  ^" .  1',. 

6  m!" 
The  increment      ^    ^'  is  the  mediate  effect  of  the  constant  gener- 
ator i  <l>i"  during  the  time  ^" .  F, ,  and  must  therefore  have  its  effect 

m'" 
divided  by  3,  which  thus  becomes  %'  T^<t>^  for  the  unit  of  time,  and 

m"' 
consequently  f  •  oS-  ^"  for  the  time  i"  .  T,. 

4  m"' 
The  increment  <^'  is  the  bimediate  effect  of  the  constant  gen- 

erator i  ^1^  during  the  time  J"  .  l'< ,  and  must  have  its  effect  divided 

m'"  m'" 

by  4,  which  thus  becomes  J  .  -^  ^'^  for  the  unit  of  time,  or  J .  -^^r  4!^ 

lb  tM 

for  the  time  ^" .  1',.    All  together  fetch  the  equation 
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m'"  m!"  m!"  w!" 

which  gives  m'"  =  5  as  the  ratio  of  the  successive  to  the  simultaneous 
measure  of  the  quatrimediate  effects  of  a  constant  cause.  Hence, 
the  factor  5  and  its  reciprocal  mutually  serve  to  interchange  the  simul- 
taneous and  successive  measures  of  the  trimediate  causal  effects  of  a 
primitive  cause. 

With  m!"  =  5,  the  successive  equation  of  the  generated  power  of 
the  first  order  becomes  (^  +  f  J  +  4^  +  f  f  +  ^)  (^'  =  5  ^' ;  and 
the  simultaneous  equation  of  the  generated  power  of  the  order  zero  at 
the  same  time  is  (^^  +  ^  +  ^g  +  ^ J  +  ^^  +  ^V)  ^'  =  1  *^ 

(8.)  In  an  investigation  so  opposed  to  the  ordinary  methods  of 
mathematical  reasoning,  some  repetitions  may  be  allowed. 

Two  principles  govern  and  suffice  to  explain  the  process  of  mathe- 
matical development :  — 

I.  The  measure  of  an  effect  stands  as  the  measure  of  its  cause. 

II.  The  successive  and  simultaneous  measures  of  a  regularly  in- 
creasing cause  or  power  have  to  each  other  a  determinate  ratio. 

Under  the  first  principle,  it  is  allowable  to  select  for  unit  of  effect  that 
which  is  produced  in  the  unit  of  time,  which  will  then  be  the  unit  meas- 
ure of  its  immediate  cause :  this  cause,  in  its  turn,  may  be  the  imme- 
diate effect  of  a  cause  one  degree  higher,  of  which  it  will,  consequent- 
ly, be  also  the  unit  measure  ;  and  so  on,  for  any  number  of  steps  of 
ascent  fixed  upon.  If,  then,  the  primitive  cause  or  power  selected  be 
of  the  fifth  order,  there  will  be  established  the  series  of  simultaneous 
causes  or  powers  1  ^^  ,  1  ^^^,  I  ^'",  1  ^",  1  ^',  1  ^° ;  the  measure  of 
each,  throughout  the  series,  being  unity  in  and  for  the  first  unit  of 
time  I'l  of  the  operative  process. 

The  second  principle  merely  embodies  the  self-evident  proposition, 
that  if  an  activity  increase  from  zero  according  to  some  regular  law 
during  a  given  time,  and  then  remain  constant  with  its  ultimate  value 
for  an  equal  time,  its  effect  in  the  latter  interval  will  be  some  definite 
number  of  times  its  effect  in  the  former  interval  of  time.  This  prop- 
osition embraces  two  precepts  of  direct  application  to  the  construction 
and  interpretation  of  the  process  of  development. 

1.  If  the  ultimate  value  of  an  activity  enable  it  to  produce  m  times 
its  preceding  effect,  the  times  being  equal,  then  the  mth  part  of  the 
successive  effect  is  equal  to  the  simultaneous  efiect  of  the  activity. 
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2.  The  mth  part  of  the  ultimate  value  is  the  constant  value  of  the 
activity  that  will  produce  the  same  effect  it  did  produce  while  increase 
ing  from  zero  to  that  ultimate  value,  the  times  being  equal. 

(9.)  The  power  of  the  fifth  order  1  ^^  is  a  constant  uniform  activ- 
ity, and  hence  generates  power  of  the  fourth  order  uniformly  in  time. 
As  its  simultaneous  measure,  according  to  the  first  principle,  is  to  be 
unity,  its  effect  in  and  for  the  time  1',  is  1  tf>^^  ;  and  as  its  action  is  uni- 
form, it  generates  ^  0i^  and  ^  <l>/^  in  the  semi-units  of  time  ^' .  Vf  and 
i^' ,  I't  respectively.  These  measures  are  constant  values,  and  are  the 
same  as  though  <f>^^  were  an  inactivity.  But  the  generated  power  of 
the  fourth  order  is  itself  an  activity,  and  generates  power  of  the  third 
order  both  during  and  after  its  own  genesis  in  the  first  unit  of  time  l'^ ; 
and  as  it  increases  regularly  from  zero  during  the  time  of  its  genesis, 
it  is  evident  that  with  its  ultimate  constant  magnitude  during  an  equal 
time  it  will  produce  some  definite  number  m  of  times  its  preceding  ef- 
fect. Consequently,  the  amount  of  power  of  the  fourth  order  gener- 
ated by  1  <f>^  in  the  time  1',,  for  the  time  l",,  will  be  expressed  by 
m  0'^,  or  m  will  be  the  ratio  of  the  successive  to  the  simultaneous  meas- 
ure of  the  generated  power  of  the  fourth  order ;  and  therefore,  by  uni- 
formity of  genesis,  the  amounts  for  the  times  i'  .I't  and  i"  .  l'^  respec- 
tively are  ^  m  ^/^  and  ^  m  ^^.  The  ultimate  value  or  simultaneous 
measure  i  m  <f>i^^  would  generate  ^  m  ft>"'  in  a  unit  of  time,  and  there- 
fore actually  does  generate  \  m  tfi'"  in  the  semi-unit  of  time  i" .  1', ; 
and  consequently,  by  the  first  precept,  it  has  generated  ^  ^'''  in  the 
time  ^' .  I't  of  its  own  genesis.  The  increment  J  m  ^j^  generated  by 
1 0^  in  the  second  semi-unit  of  time  ^" .  !'< ,  would  also  generate  j-  m  <l>'" 
in  a  unit  of  time,  or  ^m  <f>'"  in  a  semi-unit  of  time  after  its  genesis,  and 
therefore  actually  has  generated  ^  <f^"  in  the  time  ^" .  1',  of  its  own 

genesis.    There  is  thus  obtained  the  equation  (i  +  -r  +  i)  ^'"  =  1  ♦"'» 

the  simultaneous  measure  of  the  generated  power  of  the  third  order 
for  the  time  1', ;  which  gives  m  =  2 :  whence  2  ^"^  is  the  ultimate 
value,  or  the  successive  measure  of  the  power  of  the  fourth  order  gen- 
erated by  1 0^  in  a  unit  of  time,  or  2 :  1  is  the  ratio  of  the  successive 
and  simultaneous  measures  of  a  power  that  increases  uniformly. 

The  increment  generated  by  1  ^^  in  the  times  i' .  1',  and  ^"  .  I'l  are 
therefore  respectively  f  ^i'^  —  i  ^^iv  and  f  <^'^  =:  1  ^-  Each  of 
these  increments  increases  from  zero  to  1  <f^^  in  the  semi-unit  of  time ; 
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and  by  the  second  precept,  the  half  of  the  ultimate  value,  or  ^  0^^, 
taken  constant,  will  produce  the  same  effect  as  the  variable  in  the  same 
time.  Now  ^  ^'^  would  generate  ^  0'"  in  a  unit  of  time,  or  J  <f>"'  in  a 
semi-unit  of  time.  Therefore  the  constants  ^  ^i'^  and  i  <^'^  produce 
the  same  effects  ^  ^/"  and  ^  ^'"  as  the  variables  §  ^i'^  and  J  ^»^  in 
the  times  J' .  I'j  and  J"  .  1',  respectively,  and  the  constant  J  ^^'^  pro- 
duces i  ^'''  in  i"  .  1', ;  making  in  all  (^  +  }  -f  i)  ^'"  =  1  ^'",  which 
is  the  same  as  though  ^"'  were  an  inactivity.  But  the  generated  power 
of  the  third  order  is  itself  an  activity,  and  generates  power  of  the  sec- 
ond order  increasingly  during  its  own  genesis,  and  uniformly  after- 
wards. 

The  constant  i  <l>i^  (equivalent  of  the  variable  increasing  from  zero 

to  f  0i'^)  would  produce  the  effect  —  <^/"  in  the  time  J-' .  I', :  this  in- 

crement  —  <^i'"  would  produce  the  effect  j  0"  in  a  unit  of  time  after 

m' 
its  genesis,  and  therefore  does  produce  the  effect  -^  <^i"  in  the  time 

o 

J".l't,and  consequently  has  produced  the  effect  i  0/'  in  the  time 
\^ .  Vi  of  its  own  genesis ;  and  the  same  amount  \  <^'  will  result 
from  the  constant  increment  ^  (^f'  (equivalent  of  the  variable  f  0a*^) 

in  the  time  ^".  l', .     But  the  increment  —  ^i"  (which  generates  ■—  ^i" 

in  y  .  I'o  and  has  generated  ^  <f>i''  in  ^' .  l',)  was  really  generated  by 
the  variable  f  0i'^  in  ^' .  l'< ;  and  as  this  increment  has  increased  uni- 
formly during  }'.  l\^  and  remains  constant  during  ^''.  l'^,  it  will  in 

this  time  generate  twice  its  preceding  effect,  which  is  therefore  2  —  <!>'"' 

mf 
This  increment  2  — -  fft'",  remainmg  constant  after  its  genesis  in  ^" .  1', , 

vn!  •»' 

would  produce  the  effect  2  —  0'^  in  a  unit  of  time,  or  2  —  ^"  in  a 


m 
semi-unit  of  time ;  but  being  itself  generated  by  the  constant  2  —  <l>"'  in 

the  time  ^^'M'r,  it  increased  uniformly,  and  does  therefore  generate  half 

♦It' 
the  preceding  effect  in  that  time,  that  is,  the  amount  J  .  —  <^".     Thus 

8 

•n'  mJ 

is  obtained  the  equation  (i  +  g-  +  f .  -g  +  i)  ^''  =  1  i>'\  which  gives 

m'  =  3 ;  whence  3  ^"'  is  the  ultimate  value  of  the  power  of  the  third 
4* 
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order  generated  by  the  power  of  the  fourth  order  increa^ng  from  zero 
to  the  value  2  <f>^^  in  the  unit  of  time  1',.  The  generated  power  of  the 
third  order  3  <f>^''  will  produce  thrice  the  effect  in  the  time  l", ,  that  it 
produced  during  its  genesis  in  the  time  l', :  also  its  ultimate  value  for 
the  time  ^' .  I'l  is  }  ^'",  which  generates  §  ^"  in  the  time  J"  .  V, ;  and 
one  third  of  which  value,  i  4>"\  being  constant  during  the  time  J' .  r„ 
would  generate  ^  ^'S  the  same  actually  generated  by  the  variable 
i  ^'"  in  that  time. 

To  find  the  measures  of  the  generated  increments  of  power  of  the 
second  order  in  terms  of  their  effect  in  power  of  the  first  order,  ob- 
serve that  the  constant  \  (fyi"  (equivalent  of  the  variable  increasing 

m" 
from  zero  to  J  ^i'")  would  generate  the  increment  -^  <f>i"  in  the  time 

o 

X' .  1'^ ;  which  increment  -^  <f>^'  would  generate  the  effect  -5-  <^i'  in  a 
o  o 

unit  of  time,  and  therefore  does  generate  -jo  4>i   in  the  time  i'M'o 

and  consequently  has  generated  ^  ^1'  during  the  time  of  its  own 

genesis  in  ^' .  l'^ ;  and  the  same  amount  -j^  4^  will  result  from  the 

constant  increment  j-  <f>J"  (equivalent  of  the  variable  f  ^")  in  the 

m"  m" 

timej^'M',.     But  the  increment  —  <^i"  (which  generates  t^^i^^ 

i" ,  Vg ,  and  has  generated  -j*^  <l>i!  in  J' .  I't)  was  really  generated  by 
the  variable  f  <^/^'  in  ^' .  I'l ;  and  as  this  increment  has  increased  in  a 
triplicate  ratio  during  ^' .  1', ,  and  remains  constant  during  ^'' .  V^  it 
will  in  this  time  generate  thrice  its  preceding  efiect,  which  is  there- 


/' 


fore  3  -^  tt>".    This  increment  3  -5-  tf>'\  remaining  constant  after  its 

0  o 

genesis  in  J" .  1'^,  would  generate  3  ~  ^'  in  a  unit  of  time,  or  3  t^  ^' 

in  a  semi-unit  of  time  ;  but  being  itself  generated  by  the  constant  |  ^/" 
in  the  time  ^" .  1',,  it  increases  uniformly,  and  does  therefore  generate 

half  the  preceding  effect  in  that  time,  that  is,  the  amount  f  •  vg  ^'* 

The  increment  2 .  f  <l>"\  being  constant  during  i" .  1',,  must  have  its 

effect  during  that  time  divided  by  2,  when  it  will  be  3  ~  <^/,  the 

o 

same  as  that  of  the  increment  f  ^1'" :  the  effect  of  %  m"  <^"  during  a 
semi-unit  of  time  after  its  genesis  would  be  f»^  m"  ^' ;  but  since  it  has 
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increased  during  ^'^ .  Vt  in  a  triplicate  ratio,  its  effect  in  that  time  is 

4.  r^  ^i'.    Thus  is  obtained  the  equation 
lb 

m"  m"  m" 

(tV  +  ^+*^+*^+iV)  *'  =  !*', 

which  gives  m'^  =  4 ;  whence  4  <f>"  is  the  ultimate  value  of  the  power 
of  the  second  order  generated  by  the  power  of  the  third  order  while 
increasing  from  zero  to  the  value  3^'^'  in  the  first  unit  of  time  1\. 
The  generated  power  of  the  second  order  4  <f>"  will  produce  four  times 
the  effect  in  the  time  1'^,  that  it  produced  in  the  time  of  its  genesis 
in  IV 

The  constant  i  0/^  (equivalent  of  the  variable  increasing  from  zero 
to  the  value  f  tf>i"  in  the  time  }' .  1^)  would  generate  the  increment 

-r^  ^k'  in  that  time ;  which  last  increment  would  generate  the  effect 

f^fff  fnfn 

rr^  4^1  in  a  unit  of  time,  and  therefore  does  generate  -^zr  <fti    in  the 

Id  o«6 

time  ^" .  l'<,  and  consequently  has  generated  ^  ^i  in  the  time  ^' .  1', 

of  its  own  genesis ;  and  the  same  amount  -^  (f^.^  will  result  from  the 

constant  increment  J  </>a"  (equivalent  of  the  variable  |  ^.^'  in  the  time 

ml" 
J".  1',).    But  the  increment  -r^  ^^  was  really  generated  by  the  vari- 
able f  ff^i'  in  ^' .  I'l ;  and  as  this  increment  has  increased  in  a  quadru- 
plicate ratio,  during  j^' .  I'l,  and  remains  constant  during  ^" .  T^ ,  it  will 

m"' 
in  this  time  generate  4  :r^  ^Z,  four  times  its  preceding  effect.    This 

m"' 
increment  4 -jg-  ^i',  remaining  constant  after  its  genesis  in  i'M't, 

m'"       ...  4  m'" 

would  generate  4  ^r^  ^i"  in  a  unit  of  time,  or  ^i°  in  a  semi-unit 

lo  SZ 

of  time  ;  but  being  itself  generated  by  the  constant  %  <f>i"  in  the  time 

J".l't,it  increases  uniformly,  and  therefore  generates  J. -55- ^i'^  in 

that  time. 

The   increment  i  4>i''  is  constant  during  i"  A\^  and  generates 
3  .  f  <^/'  in  that  time  ;  this  increment,  increasing  uniformly,  generates 

4  m'" 
f  .  0/  in  the  time  ^" .  l', ;  and  this  last  increment,  remaining  con- 

stant after  its  genesis,  would  generate  -r^  tff  in  a  unit  of  time,  or 
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6  m!" 

<tf  in  a  semi-unit  of  time  ;  but  being  itself  generated  in  ^" .  1',  by 

a  uniformly  increasing  power,  its  effect  increases  in  a  triplicate  ratio, 

m'" 
and  therefore  it  generates  f .  -^^  <f>^  in  that  time. 

The  increment  f  0i'^  is  constant  during  i"  >V,i  and  generates 

2  .  f  ^'^'  in  that  time  :  this  increment,  increasing  uniformly,  generates 

i '  ^7^  ^"  ^^  ^^^  ^^^^  i"  •  ^'t  •  this  increment,  increasing  in  a  duplicate 

4  m!" 
ratio,  generates  f .  --^  ^'  in  the  time  ^" .  I', ;  and  this  last  incre- 

4  ml" 
ment,  remaining  constant  aAer  genesis,  would  generate  ^®  in  a 

4  «i'" 
unit  of  time,  or  ■         ^"  in  a  semi-unit  of  time  ;  but  being  itself  gen- 

erated  in  ^"  .  1',  by  a  power  that  increases  in  a  triplicate  ratio,  its  efiect 

increases  in  a  quadruplicate  ratio,  and  therefore  reduces  to  ^ .  -^^  ^ 
for  the  time  ^"  .  1', .     There  is  thus  obtained  the  equation 

m'"  m!"  m'"  m!'' 

which  gives  m'"  =  5 ;  whence  5  ^'  is  the  ultimate  value  of  the  power 
of  the  first  order  generated  by  the  power  of  the  second  order  increas- 
ing from  zero  to  4  (f>"y  generated  by  the  power  of  the  third  order  in- 
creasing from  zero  to  3  ^'",  generated  by  the  power  of  the  fourth  order 
increasing  from  zero  to  2  <^*^,  generated  by  the  constant  primitive  pow- 
er of  the  fifth  order  1  ^^  in  the  first  unit  of  time  l'^ . 

(10.)  A  reference  to  the  accompanying  table  may  assist  to  render 
the  steps  of  the  investigation  more  intelligible.  Under  the  first  divis- 
ion of  effects,  the  dotted  lines  refer  to  the  effects  that  ioould  he  pro- 
duced during  the  times  for  which  they  are  drawn,  while  the  black  lines 
indicate  the  effects  that  are  produced.  The  last  division  exhibits  the 
corresponding  measures  of  the  effects  in  space,  in  and  for  the  time 

(11.)  In  the  following  tablet  of  successive  measures,  the  succes- 
sively introduced  numerical  factors  are  all  retained  in  the  subsequent 
coefficients :  — 
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10»? 

i'-i'.      +        r-1'. 

=  1'.. 

2.^^"+                      2.i^i» 

=  2^". 

►  =  3^"'; 

M-44r+            3.44*" 

+            1.3. 4.1*" 

►  =  4^"; 

+            f.*.4.^*" 

f.4-t.54*'+                 4.5.1^'  " 

+            *.4.5.1«' 
+        J. i. 4. 5.1^' 

■  =  5*'; 

+     J-f-t-s-^*' 

*•#•*. fl-^*'  +                 5.1.1^« 

+        J.s-i.^*' 

+       #.*.5.1.i^« 

-=H«. 

+  |.*.t.5.1.i^» 

+  i-«.t-i.l4*° 

By  introduciDg  the  denominators  2,  3,  4,  5  into  the  coefficients  of 
the  terms  of  the  respective  groups  in  descending  order,  the  successive 
are  converted  into  simultaneous  measures. 

Whatever  be  the  order  n  of  a  primitive  constant  generator,  its  im- 
mediate product  increases  uniformly,  or  is  simply  accelerated,  and  its 
simultaneous  is  half  its  successive  measure :  the  mediate  product  is 
duply  [doubly]  accelerated,  and  its  simultaneous  is  one  third  its  sue- 
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cessive  measure  ;  the  bimediate  product  is  triply  accelerated,  and  its 
simultaneous  is  one  fourth  its  successive  measure ;  and  according  to 
the  same  law  down  to  the  product  of  the  order  zero,  which  closes  the 
genesis  by  annihilating  the  successive  measure. 

In  the  tablet,  under  the  two  semi-units  of  time  ^'.  T,  and  J".  T,,  any 
coefficient  expresses  the  amount  of  its  term,  considered  as  an  eject 
produced  in  that  semi'Unit  of  time ;  while  it  also  expresses  the  value  of 
its  term  considered  as  a  canse^  to  be  measured  by  the  effect  it  would 
produce  in  a  unit  of  time.  As  ail  the  increments  of  the  same  order 
are  the  same  number  of  genetical  steps  below  the  independent  primi- 
tive generator  1  ^^,  the  same  factor  of  acceleration  will  appear  in  the 
coefficient  of  each  ;  but  as  the  different  increments  in  the  time  ^" .  Tj 
arise  from  different  dependent  constant  generators,  their  rate  of  accel- 
eration is  modified  accordingly. 

The  triply  accelerated  increment  |  ^i"  produces  the  quadruply  ac- 
celerated effect  4 .  T*^  ^'  in  the  time  J" .  1', ,  and  one  fourth  of  that 
amount  (successive  measure)  in  the  time  J' .  1',  of  its  own  genesis : 
the  increment  -^<l>"^  produced  by  f  ^Z"  constant  during  i" .  I'l,  is 
simply  accelerated  by  means  of  this  last- mentioned  increment,  while 
yet  it  is  also  triply  accelerated  under  the  primitive  generator  1  ^  ,  and 
therefore  produces  iJ-  •  if  •  ^  ^'  =  f  ^  ^'  ^^  ^^^t  time  ;  and  the  incre- 
ment ^  .  ^^  <l>",  produced  by  f  <f}'"  (which  is  simply  accelerated,  being 
produced  by  J  ^i'^  constant)  in  the  time  ^'' .  1',,  is  doubly  accelerated 
under  the  dependent  constant  generator  1  ^i'^,  and  at  the  same  time 
triply  accelerated  under  the  independent  constant  generator  1  <^^ :  the 
last-named  acceleration  has  operated  during  the  time  i' .  l\  through 
the  increment  f  <^i'^,  and  the  former  operates  in  the  time  J'' .  I't 
through  2  .  f  <f>"'  and  § .  ^-  ^",  and  combination  gives  the  amount 
i- .  ^ .  2  .  3  . 4  .  5  .  tV  0'  =  I*  *'  in  the  time  i"  .  1',. 

(12.)  The  determination  of  the  values  of  m,  m',  m",  wi"'  establish- 
es the  successive  series  of  generating  powers  1  0^,  2  ^*^,  3  0'",  4  <f>'\ 
5  <^',  1  0",  for  the  unit  of  time  I'l ;  and  now  it  is  easy  to  deduce  their 
measures  for  the  time  a?l,.  Recollecting  that  each  preceding  term 
generates  the  succeeding  one  during  the  time  of  its  own  genesis,  and 
will  generate  twice,  thrice,  etc.  that  amount  during  the  equal  time  af- 
terwards, we  say  that 

The  constant  primitive  1  <^^  of  the  fifth  order  generates  uniformly 
2  ^^^  in  the  unit  of  time  1,,  and  therefore  2  x  ^^^  in  the  time  xl^ 
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The  immediately  generated  power  of  the-  fourth  order  2  x  <p^^  be- 
come constant  at  the  expiration  of  the  time  x  1, ,  generates  2.3  a?'  <f)'" 
in  the  subsequent  time  x  1^,  and  therefore  3  a?  ^"'  in  the  time  x  1,  of 
its  own  genesis. 

The  mediately  generated  power  of  the  third  order  3  a?  <fi"\  constant 
at  the  expiration  of  the  time  x  1,,  generates  ^  ,4ta?  (f>"  in  the  subse- 
quent time  0:1,,  and  therefore  4aj'0"  in  the  time  a?,l,  of  its  own 
genesis. 

The  bimediately  generated  power  of  the  second  order  4  a:'  ^",  be- 
come constant  at  the  expiration  of  the  time  x  1| ,  generates  4  .  5  o;^  0' 
in  the  subsequent  time  x  1,,  and  therefore  5  a;*  ^'  in  the  time  x  1,  of 
its  own  genesis. 

The  trimediately  generated  power  of  the  first  order  5  a?*  <^',  become 
constant  at  the  expiration  of  the  time  a;  1, ,  would  generate  5  x^  ^^  in 
the  subsequent  time  x  1, ,  and  therefore  actually  does  generate  Isx?  <ff 
in  the  time  x  1,  of  its  own  genesis. 

The  successive  series  for  the  time  x  1,  is  therefore  1  <^^,  2  a;  <^"^, 
B3^4>"\  4a?(l>'\  5x*4>\  \af<tP\  and  it  is  evident,  without  further 
showing,  that  the  corresponding  simultaneous  series  is  1  <^^,  1  a:  ^^^, 
1  3?  (i>'\  1  a^  ^",  1  a;*  ^',  1  (f  4?. 

The  successive  series  of  powers  being  simultaneously  in  existence 
at  the  expiration  of  the  time  a;  l^,  it  is  finally  necessary  to  investigate 
their  complete  result  for  the  additional  time  h  1,,  that  is,  for  the  whole 
time  {x  +  A)  1|. 

The  primitive  1  ^  ,  having  generated  the  final  result  laf<l>^  in  the 
past  time  x  1, ,  will  generate  the  final  result  1  A'  ^°  in  the  future  time 
hi,. 

The  immediate  2a?^^^,  generated  in  the  past  time  x  1,,  and  become 
a  constant  generator,  will  generate  2 . 3  a?  A  <f>'*'  in  the  future  time  h  1, ; 
which 2,3 xh <fif"  would  generate  2 . 3 . 4 a;  A'* ^"  in  a  subsequent  time 

2.3.4 

A  1,,  and  therefore  actually  does  generate  x  l?  <f>"  in  the  time 

A  1,  of  its  own  genesis  :  this  3,4xh^(f>"  would  generate  3 . 4 . 5  a;  A^  <^' 

3.4.5 

in  the  subsequent  time  A  1, ,  and  therefore  does  generate     '    '     x  V  <(>' 

o 

in  the  time  A  !<  of  its  own  genesis ;  and  this  4 . 5  a;  A^  0'  would  gen- 
erate 4 . 5  a;  A^  ^^  in  the  subsequent  time  A  1, ,  and  therefore  does  gen- 

4. 5 

erate  -j-  x  hf  <^°  in  the  time  A  1,  of  its  own  genesis. 


in 
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The  mediate  3  a?  ^"'^  ^nerated  in  the  past  time  x  If,  and  become 
a  constant  generator,  will  generate  3.4  o^A^'  in  the  future  time 
Al^;  which  ^.4ts?h<f>"  would  generate  3.4.5  a^  A*  ^'  in  a  suboe- 

quent  time  h  1, ,  and  therefore  actually  does  generate         '    g^A*  ^ 

the  time  h  1,  of  its  own  genesis ;  and  this         '     a?  V  <fjf  would  gen- 

3.4.5 

erate     '    '     3^  V  <f?  m  the  subsequent  time  A  1| ,  and  therefore  does 

3  4.5 

generate     '    '     af  l?  (ff  in  the  time  h  1,  of  its  own  genesis. 

The  himediate  4  a^  ^",  generated  in  the  past  time  x  l^ ,  and  become 
a  constant  generator,  will  generate  4 . 5  a;"  A  ^'  in  the  future  time  A  !< ; 
while  4 .  5  2^  A  <^'  would  generate  4 .  5  o:^  A'  ^°  in  the  subsequent  time 

4.5 

A  1,,  and  therefore  actually  does  generate  j^  ar*  A'  in  the  time  of  its 

1 . « 

own  genesis  in  A  1, . 

The  trimediate  5  x*  <^',  generated  in  the  past  time  x  1| ,  and  become 
a  constant  generator,  will  generate  bx*  h<ff  inihe  future  time  A  1|. 

The  quatrimediate  1  a?  <^°,  generated  in  the  past  time  a;  1|,  is  a  non- 
generator  ;  and  the  final  results  make  up  the  tablet : 

a;  If :  A  1,. 

^        '     1       ^  *    1.2       ^  '    1.2.3        ^  '    1.2.3.4       ^' 
1.2.3.4.5.1 
1.2.3.4.5        ^" 

1.2.3.4  ^ 

sa?r';  V ^^*'''^ *"*'*'' -f^*"*" *"• 

5  «*  *'  ;  ^  ±*  A  </>". 

The  final  result  is 
(la^+5a:*A  +  10a»A«  +  10a:»A»  +  5«A*+lA»)i^°  =  (a:+A)'*", 
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for  the  time  (x-^-h)  If    If  a?  =  A  =  1,  the  series  expresses  the  de- 
velopment of  (1 4- 1)'  *"=  ^  *°  =  32  <^°  for  the  time  2.1,. 

(13.)    To  pass  from  the  development  of  {x  +  hf  to  that  of  {x — A)**, 
all  the  genetical  operations  during  the  time  h  l,  must  be  reversed,  or 
performed  in  the  opposite  direction  in  space ;  whence  the  tablet  be- 
comes 
a;  If :  A  1,. 

1.2.3.4.5              1.2.3.4.5.1 
1.2.3.4    **'-    1.2.3.4.5    ** ***• 

2  x<l>^-',-~xh<f,"',  +-i^2*'=*'  *".  -T^2^  ''*'*''  + 

'-f^-3':4'''^^*"  =+^^*^*- 

—  10  x»  A'  <t>\ 

4  j»  ^"   ;— ij-^ar"  A  ^',  +  ^^-ic'  A'  ^^  =  +  10  a*  A»  <l>\ 

b  X*  <l>'    i—^  '^^  X*  h  4'''  =  —  5  1*  h  4.'. 
In?  4)". 

The  final  result  is  . 

(!«'— 6««A  +  10a'A*— 10x»A'  +  5a:A*  — lA')^»  =  (x— A)'0», 

for  the  time  («  —  A)  1,.     If  «:=  A=  1,  the  series  expresses  the  de- 
velopment of  (1  —  1)°  =  0  for  the  time  (1  —  1)  1,. 
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3.  Vital  Statistics.     By  E.  B.  Elliott  of  Boston. 

A.  Tables  of  Prussian  Mortality^  interpolated  for  Annual  Intervals 
of  Age ;  accompanied  with  Formulm  and  Process  for  Construction, 

B.  Discussion  of  Certain  Methods  for  converting  Ratios  of  Deaths  to 
Population^  within  given  Intervals  of  Age ^  into  the  Logarithm  of 
the  Probability  that  one  living  at  the  Earlier  Age  will  attain  the 
Later ;  with  Illustrations  from  English  and  Prussian  Data, 

C.  Process  for  deducing  accurate  Average  Duration  of  Life ^  present 
Value  of  Life- Annuities,  and  other  useful  Tables  involving  Life- 
Contingencies,  from  Returns  of  Population  and  Deaths,  without  the 
Intervention  of  a  General  Interpolation, 

The  mortality  and  accompanying  tables,  to  which  the  attention  of 
the  Association  is  called,  comprise  portions  of  a  series  of  tables  that 
have  been  and  are  being  upMfu^,  |^£tl2e":^w  England  Mutual  Life 
Insurance  Company  o^gj|ton,  from  oflic]Q^!Xturns  of  the  British, 
Swedish,  Prussian,  anowelgian  governments,  ^nu  from  such  reliable 
American  statistics  aJare  obfAnwtit^^""^ 

In  several  of  the  ubj^d  Statug^ff  Aineri^-rfe  decennial  enumer- 
ation of  the  numbers  anj^^^^glfB^G^l^^  for  the  General 
Grovernment  have  been  qu)t^*«4;fiusiU0>'l!nd  reliable,  while  the  only 
official  mortality  returns  (viz.  those  ordered  in  connection  with  the 
last  census,  1850)  are  inaccurate  and  deficient.  In  Massachusetts, 
since  its  Registration  Act  of  1849,  certain  districts  have  furnished 
valuable  and  satisfactory  information  respecting  the  numbers  and  ages 
of  the  dying  ;  but  from  the  published  abstracts  it  has  been  impossible 
to  separate  imperfect  from  reliable  data.  In  the  yet  unpublished 
abstracts  of  the  returns  for  1855  an  improvement  is  being  effected, 
under  the  direction  of  the  present  Secretary  of  State,  which,  although 
augmenting  somewhat  the  expense,  will  afford  fit  material  for  the 
construction  of  a  Life -Table  that  shall  satisfactorily  represent  the  rates 
of  mortality  prevailing  among  the  inhabitants  of  the  larger  part  of  the 
Commonwealth. 

The  leading  paper  (A)  presents  a  new  Life-Table,  complete  for 
annual  intervals  of  age,  and  calculated  from  over  a  million  (1,197,407) 
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of  observations  regarding  the  ages. of  the  dying,  in  a  population  of 
fifteen  millions  (14,928,501),  and  in  a  community  where  observations 
on  vital  statistics,  for  many  years,  are  believed  to  have  been  made  with 
care  and  accuracy.  It  adds  one  to  the  very  limited  list  of  National 
Life-Tables. 

The  remaining  papers  (B  and  C)  are  devoted  to  the  discussion  of 
certain  methods  for  converting  rates  of  mortality  for  different  inter- 
vals of  age  into  probability  of  living ;  and  to  the  presentation  of 
abridged  methods  for  calculating,  at  certain  ages,  accurate  tables  of 
practical  value,  involving  life-contingencies,  accompanied  with  simple 
rules  for  determining  any  required  value  intermediate. 


A.  Tables  op  Prussian  Mortality,  interpolated  for  Annual  Inter- 
vals OF  Age  ;  accompanied  with  Formula  and  Process  for  Con- 
struction. 

The  data  from  which  the  following  tables  have  been  calculated 
were  obtained  from  documents- sent  by  Mr.  Hoffman  of  Berlin  to  the 
English  Ministry  of  Foreign  Affairs,  and  published  in  the  Sixth  Annual 
Report  of  the  Registrar-General  in  England. 

Population  of  Prussia,  Civil  and  Military  (exclusive  op  Neuf- 
*^ ,  ^        chatel).* 

At  the  end-ofitfie  fe4r''^l^Hy  13,509,927. 

«""^    '1837,  14,098,125. 

«  "  1840,  14,928,501. 

The  documents  above  mentioned  give  no  statistics  of  immigration  or 
emigration. 

The  increase  of  population  during  the  three  years  1838,  '39,  '40, 
was  830,376. 

The  excess  of  births  over  deaths  during  the  same  three  years  was 
486,937. 

Leaving  343,439,  which  is  41.36  per  cent  of  the  total  increase  of 
population,  unaccounted  for  by  excess  of  births  over  deaths. 

*  "  The  popalation  of  Ncafcbatel,  not  included  in  the  above,  was  59,448  in  1837, 
52,223  in  1825." 
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Population  of  Pbussia  at  tbb  Ewd  of  the  Tear  1840,  classed  accord* 
i^Q  TO  Age  and  Sex. 


Agoi. 

MalM. 

Females. 

Mialea. 

Femalee. 

Ages. 

0-    5 

1,134,413 

1,114,871 

) 

1 

5-    7 

370,740 

336,429 

}  2,603,699 

2,550,022 

0-14 

7-14 

1,098,546 

1,068,722  ) 

14-16 

344,179 

331,039 

14-16 

16-20 

586,059 

20-25 

692,704 

25-32 

777,183 

3,238,434 

3,253,643 

16-45 

32-39 

646,122 

39-45 

536,366 

45-60 

816,726 

881,280 

45-60 

60  and  upwards. 
All  Ages, 

445,544 

463,935 



60  and  upwards. 

7,448,582 

7,479,919 

1 

Assuming  the  distribution  of  the  (3,253,643)  females  for  the  several 
intervals  between  the  ages  16  and  45  to  be  proportioned  to  the  distri- 
bution of  (3,238,434)  the  corresponding  number  of  males,  we  have 


Ages. 

Females. 

588,812 
695,957 
780,833 
649,156 
538,885 

16-20 
20-25 
25-32 
32-39 
39-45 

Total,  16-45 

3,253,643 

Hence  the  following 

Numbers  and  Ages  of  the  Population  of  Prussia  at  the  End  of  the 

Year  1840. 


Ages. 

Persons. 

0-    5 

2,249.284 

5-    7 

737,169 

7-14 

2,167,268 

i             14-16 

675,218 

16-20 

1,174,871 

20-25 

1,388,661 

•     25-32 

1,558,016 

32-39 

1,295.278 

39-45 

1,075,251 

1             45-60 

1,698,006 

;    60  and  upwards, 

909,479 

All  Ages, 

14,928,501 

We  wish  to  distribute  the  population  from  ages  25  to  45,  from  45  to 
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60,  and  from  60  upwards  in  quinquennial  or  decennial  periods,  to  corre- 
spond with  the  ages  of  the  dying  as  presented  in  the  mortality  returns. 

We  first  determine  the  quinquennial  distribution  between  ages  25 
and  45. 

Let  Pg,y  represent  the  population  between  ages  x  and  y,  or  the 
numbers  living  under  age  y,  less  the  numbers  living  under  age  x. 


Assume  Pm,-  =  P, 


x-h . X" c 


w'»  —  ■*  w/«  Z — A — I — ^ 
a  —  o , a  —  c 

x-a . x-c 


Then  P„^  =  1,174,871 
Pi,^  =  2,563,532 
P,e^  =  4,121,548 
P,«,»  =  5,416,826 
Pi6s45  =  6,492,077 

Pie/60  =  8,190,083  "^^"'^c-a  .  c-b 

Let  a  =  20,  ft  =  25,  c  =  32 ;    then  will  P,^,^  =  3,722,366.  \ 

<  then  will  P«,3o  =  3,703,211, ) 
(  and  Pie,a5  =  4,708,839, 


a?-a  .  a:-ft 


Let  a  =  25,  ft  =  32,  c  =  ; 


;} 


Let  a  =  32,  ft  =  39,  c  =  45 ;  ■[  ^^"^  ^"^  ^»«'»  =  4,682,050,  J 

(and  P„,«  =  5,598,277.  ^ 

Let  a  =  39,  ft  =  45,  c  =  60 ;    then  will  Pie,4o  =  5,611,751.  j 
Taking  the  arithmetical  mean  of  the  above  duplicate  results,  we 
have 

Pi„gp  =  3,712,789  Hence  P^,^  =  1,149,257 

Pi6,35  =  4,695,445  Pao,35  =     982,656 

-Pi«,4o  =  5,605,014  P8s,,o  =     909,569 

P4o,«  =     887,063 
which  results  cannot  vary  materially  from  the  actual  distribution. 

The  following  Table  gives  the  distribution  of  the  population  of 
Prussia  between  ages  45  and  60  (1,698,006) ;  and  of  the  population 
from  age  60  upwards,  according  to  the  corresponding  proportional  dis- 
tribution  of  the  numbers  of  the  population  of  the  Northwestern  Division 
of  England  (the  Eighth  of  the  eleven  Districts  into  which  England  and 
Wales  are  divided  in  the  Reports  of  the  Registrar-General). 


Ages. 

45-55 
55-60 

1,257,322 
440,684 

60-65 
65-75 
75-85 
85-95 
95  and  over, 

353,657 

398,925 

137,188 

18,638 

1,026 

45  and  over, 

2,607,485 
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Numbers  ikd  Ages   of   thb  Population  of  ths   North wssTEiur  Di- 

YI8IO!i    (EnG.)    in     1841,   ACCORDIlfG   TO  WHICH  THB    ABOYB  DISTRIBUTION 

WAS  MADE.  —  (9th  Rep.  Reg.-Gen.) 

.  NorthwMtern  Dirldon  (Bng.),  1841- 

^^  Ntmiben  and  Ages  of  the  Liring  above  AfB  i5. 


45-55  151,064 

55  -  60 .  52,947 


60-65  I                                39,656 

65-75  "                                44,732 

75-85  15,383 

85  -  95  2,095 

95  and  over,  115 


45  and  over,       |  305,992 


The  numbers  living  above  age  15  in  the  Northwestern  Division 
(England)  were  grouped,  with  reference  to  age,  only  in  decennial 
classes.    • 

By  assuming  the  algebraic  equation, 

X — 55  .  X  —  65  .  X  —  75 


•  56/*    =    -fftS/lS 
-}-  ^55/85 

-f"   -^56/75 


45  —  55  .  45  —  65  .  45  —  75 
X — 45  ,  X  —  55  .  ar  —  75 

65  —  45  .  65  —  55  .  65—75 
X  —  45  .  X  —  55  .  X  —  65 


75  —  45  .  75  —  55  .  75  —  65 

a  close  approximation  to  the  probable  number  of  persons  living  be- 
tween ages  55  and  60  (52,947)  and  between  ages  60  and  65  (39,656) 
resulted. 

^55/*  represents  the  number  of  persons  reported  living  under  age  x, 
less  the  number  living  under  age  55. 

We  remark  that  Pss/is  is  essentially  negative. 

The  population  of  the  Division,  as  returned  for  the  night  of  June 
6-7,  1841,  was  two  millions  (2,098,820),  being  one  eighth  of  the 
entire  population  of  England  and  Wales  (15,914,148)  at  that  date. 
The  counties  of  Cheshire  and  Lancashire  constitute  this  Division. 
The  latter  county  includes  the  densely  populous  and  unhealthy  district 
of  Liverpool. 

The  ratios  of  deaths  to  population  for  the  intervals  from  age  45  to 
60,  and  from  age  60  upwards,  more  closely  approximated  the  corre- 
sponding ratios  for  Prussia,  than  did  those  of  any  other  large  commu- 
nity concerning  which  reliable  population  and  mortality  statistics  were 
to  be  obtained. 
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Table  cohpabino  Ratios  of  this  Annual  Number  or  Deaths  to  the 
Numbers  livinq   in   certain  Communities  from  Age  45   to  60,  and 

FROM   AOE   60   T  >    extreme   OlD  AoE. 


Ages 
45-60. 

AgM 

Prussia, 

Deaths,  1839,  '40,  '41, ) 

Population,  1840,         j        .        .        .        • 

.024 

.088 

Northwestern  Division  {England). 

Deaths,  seven  years,  1838-44, ) 
Population,  middle,  1841,          ) 

.023 

.079+ 

Sweden. 

Deaths,  twenty  years,  1821-40, 
Population,  mean  of  1820,  '30,  '40,  J    * 

.021 

.079— 

Belgium. 

Deaths,  nine  years,  1842-50, 
Population,  October  15,  1856, )    ' 

.020 

.073 

England  and  Wales. 

1841,             

.019 

.069 

A  coraparison  of  the  distribution  of  the  numbers  of  the  living  in 
Prussia  in  these  intervals  of  age  according  to  that  of  the  North- 
western Division  (Eng.),  with  a  distribution  of  the  same  numbers 
according  to  the  mean  of  the  corresponding  distribution  of  equal 
numbers  of  the  populations  of  England  in  1841  and  of  Belgium  in 
1846,  would  give  the  following  results. 

Distribution  of  the  Population  of  Prussia  according  to 


Ages. 

The  Mean  of  Equal  Nnmbers 
in  England  and  Belglam. 

The  Northwestern  DlTirion 
(England). 

45-55 
55-60 
45-60 

1,285,567 

412,439 

1,698,006 

1,257,322 

440,684 

1,698,006 

60-65 

65-75 

75-85 

85  and  over, 

60  and  over, 

45  and  over. 

330,425 

398,646 

155,077 

25,331 

909,479 
2.607,485 

353,657 
398,925 
137,188 
19,709 
909,479 
2,607,485 

The  distribution  according  to  the  English  and  Belgian  facts  would 
give  larger  numbers  after  about  age  75,  in  the  resulting  Life-Table. 

The  distribution  according  to  that  of  the  Northwestern  Division 
was  adopted  as  the  best  representation  of  the  probable  corresponding 
distribution  of  the  population  of  Prussia,  within  the  intervals  of  age 
above  mentioned.     Flence  the  following  Table. 
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Deaths,  Fopulatioit,  Mobtalitt,  akd  Logarithms  of  the  Probabiutt 
OF  LiYiNo  IK  Prussia. 

The  Numbers  of  the  Living  between  ages  45  and  60,  and  from  60  to  extreme  old  age 
are  distributed  according  to  corresponding  proportional  distributions  of  the  numbert  of 
the  population  of  the  Counties  of  Chesldre  and  Lancashire  {Northwestern  Division), 
in  England^  in  1841. 


Ages. 


0-1 
1-3 
3-5 

5-7 

7-14 

14-20 

20-25 

25-30 

30-35 

35-40 

40-45 

45-55 

55-60 

60-65 

65-75 

75-85 
85  and 
upwards 

Total, 


Deaths. 


Aggregate 
Numben 
and  Ages  of 
ibe  l)yiDg 
during  the 
Three  Yean 
1839, '40, '41. 


^0,,-^0,. 


310,527 

162,356 

62,734 

33,272 

27,156 

22,887 

34,585 

36,849 

31,594 

35,579 

38,094 

78,503 

46,704 

58,576 

107,653 

61,697 
15,572 


1,197,407 


Population. 


Numben 

and  Ages  of  the 

LlTing  at  the 

End  of  the 

Year  1840. 


P    —P 


2,249,284 

737,169 

2,167,268 

1,850,089 

1,388,661 

1,149,257 

982,656 

909,569 

887,063 

1,257,322 

440,684 

353,657 

398,925 

137,188 
19,709 


14,928,501 


Mortality. 


Ratios  of  the  ATerage 
Annual  Numben  of 
the  Dying  duxin!?  the 
Three  Yean  1889,  '40, 
'41,  to  the  Numben 
of  the  living  com- 
puted with  reference 
to  the  Middle  of  1840. 


"9     r 


M . 


.0802238 

.0152056 

.0077790 

.0062978 

.0089397 

.0096939 

.0108317 

.0131780 

.0144675 

.0210345 

.0357042 

.0557995 

.0909134 

.1515098 
^661784 


Logarithms  of  Probabil- 
ities OF  Surviving 
EACH  Interval. 


Duplicate 
Values,  each    ' 
deduced  flnom  !    ,  J**«? 
two  conaecutivei    deriTed  ftwn 


Ratios  in  the 
Column  of 
Mortality. 


CompariMn  of 
the  Duplicates. 


^Pe/»-^^o,. 


^P.. 


-.013106 
>  .01 3201 
-.023480 
-.023628 
-.016399 
-.016432 
-.019433 
-.019418 
-.021057 
-.021059 
-.023533 
-.023542 
-.028646 
-.028630 
-.031434 
-.031464 
-.092155 
-.092527 
-.077947 
-.078021 
-.122543 
-.121891 
-.424020 
-.408584 
-.716433 
-.730677 


L- 


h 


.013155 
.023557 
.016416 
.019425 
.021058 
.023537 
.028637 
.031449 
.092322 
.077981 
.122189 
415608 
.722021 


1492850 1  =    Population  of  Prussia,  as  returned  for  the  end  of  the  year  1810. 

^  ~  3  •  14776727  =  Population  of  Prussia,  estimated  for  the  middle  of  the  year  1840, 
fVom  the  numben  wtunwd  as  UTing  at  the  end  of  1884, 1887, 
and  1840. 
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It  will  be  observed  that  the  values  derived  from  comparison  of  the 
duplicate  logarithms,  and  which  have  been  adopted  in  constructing 
the  Interpolated  and  other  Tables,  are  not  in  all  cases  arithmetical 
means.  The  difference  is  of  little  moment,  but  there  is  no  sufficient 
reason  for  preferring  the  former. 

Logarithms  of  the  Fbobabilitt  op  Surviving, 

Computed  from  the  Returns  of  the  Numbers  of  the  Living  under  Age  5 ;  and  of  the  Numbers 

of  the  Dying  annually  under  1  Year  ofAge^  over  1  and  under  3,  over  3  and  under  5. 


Aga. 

^/':./y- 

0-1 
1-3 
3-5 

—  .082920 

—  .051670 

—  .022522 

The  successive  addition  of  the  logarithms  of  the  probabilities  of 
surviving  the  consecutive  intervals  of  age  to  5.001688,  the  logarithm 
assumed  for  the  proportional  numbers  born  alive,  gives  the  following 

Table  of  the  Logarithms  of  the  Proportions,  and  the  Proportions 
OF  Persons  born  alive  and  surviving  certain  Ages  in  Prussia,  ac- 
cording TO  the  calculated  Law  of  Mortality. 

Z)ea^,  1839/40/41. 

Population  computed  with  reference  to  middle  o/"  1840. 

DistribtUion  ofPopidatian  above  Age  45,  Northwestern  Division  (Eng.). 


Age. 

Suirivon. 

Logarithma. 

PenoDi. 

XL, 

L. 

0 

5.001688 

100,389 

1     1 

4.918768 

82,941 

3 

4.867098 

73,637 

5 

4.844576 

69,916 

14 

4.807864 

64,249 

25 

4.772023 

59,159 

35 

4.727428 

53,386 

45 

4.667342 

46,488 

55 

4.57.5020 

37,685 

65 

4.374850 

23,706 

75 

3.959242 

9,104.2 

85 

3.237221 

1,726.7 

95 

1.982879 

96.1 

105 

— 1.803755 

.636 
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The  values  opposite  ages  95  and  105  were  computed  from  the 
logarithms  of  the  numbers  surviving  at  ages  65,  75,  and  85,  by  the 
exponential  formula, 

in  which 

y"-- (or  n  =  !—-!" 

*75 *« 

These  values  were  adopted  as  bases  for  the  construction  of  the 
accompanying  Life-Table  interpolated  for  annual  intervals  of  age ; 
and  also  for  computing  by  abridged  methods  certain  practical  life- 
contingency  tables. 

Before  presenting  this  table  and  these  methods,  we  will  state  some 
of  the  principles  which  underlie,  and  indicate  the  process  by  which 
ratios  of  the  numbers  of  the  dying  to  the  numbers  of  the  living,  during 
the  several  intervals  of  age,  have  been  converted  into  logarithms  of 
the  probabilities  that  one  living  at  the  earlier  age  will  attain  the  later. 

Whenever,  in  any  community,  the  intensity  of  mortality  at  each 
age,  or  the  ratio  of  the  numbers  momentarily  dying  during  each 
mintUe  interval  of  age  to  the  numbers  then  living  within  the  same 
interval,  has  been  constant  for  a  period  of  time  equal  to  the  difference 
between  the  specified  age  and  the  extreme  of  old  age,  an  invariable 
law  of  mortality  is  said  to  prevail  in  that  community. 

The  law  of  human  mortality  is  seldom  strictly  invariable.  It  fluc- 
tuates within  certain  limits^  not  only  with  different  communities  and 
localities,  but  in  the  same  community  during  successive  periods,  and 
in  the  same  localities.  The  habits,  occupations,  and  social  condition 
of  the  members  of  the  community  remaining  unchanged,  the  larger 
their  numbers  the  narrower  these  limits.  It  is  within  the  province 
of  the  vital  statistician  to  determine,  not  merely  an  average  of  the 
rates  of  mortality  prevailing  in  a  community,  but  also  the  sensible 
limits  within  which  the  rates  fluctuate. 

Our  present  inquiries  have  reference  to  the  determination  of  a  law 
of  mortality  which  shall  satisfactorily  represent  the  average  of  the 
rates  prevailing  among  the  inhabitants  of  a  populous  state,  with  fixed 
geographical  boundaries ;  and  in  which  the  numbers  of  the  inhab- 
itants vary  with  births  and  with  deaths,  with  immigration  and  with 
emigration. 
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If,  in  a  large  community,  varying  with  births,  deaths,  and  migra- 
tions, but  in  which  the  numbers  of  the  population  have  not  been 
subject  to  sudden  and  irregular  change,  the  number  of  the  dying 
during  a  given  year  or  period  of  time  between  ages  not  very  remote 
be  divided  by  the  number  of  the  living  between  the  same  ages  at 
the  middle  of  that  period  of  time,  the  quotient  resulting  from  the 
division  has  generally  been  assumed  closely  to  approximate  the  quo- 
tient that  would  have  resulted  had  the  numbers  of  the  population 
within  the  limits  of  these  ages  been  stationary ;  that  is,  assuming 
an  invariable  law  of  mortality,  had  the  numbers  of  the  population 
for  each  minute  interval  of  age  within  the  limits  of  these  ages  re- 
mained constant  during  that  period,  and  unaffected  by  either  immi- 
gration or  emigration. 

The  errors  involved  in  this  assumption  are  of  small  moment  com- 
pared with  probable  errors  of  observation,  and  vanish  when  the  inter- 
vals of  age  are  taken  exceedingly  minute,  and  where  the  excess  or 
deficiency  of  the  deaths  in  the  former  half  of  the  period  of  time,  with 
reference  to  half  the  deaths  of  the  entire  period,  is  exactly  counter- 
balanced by  a  corresponding  deficiency  or  excess  of  the  deaths  in  the 
latter  half  of  that  period  of  time. 

We  adopt  this  hypothesis,  and  assume  that  each  of  the  ratios  in 
the  column  headed  Mortality  is  identical  with  that  which  would  have 
resulted  had  the  population  of  Prussia  within  the  limits  of  the  ages 
been  stationary  for  a  period  of  years  equal  to  the  specified  interval ; 
and  we  also  assume  the  accuracy  of  the  Prussian  mortality  and  pop- 
ulation returns. 

From  these  ratios  we  now  proceed  to  determine  duplicate  logarithms 
of  the  probability  that  one  surviving  the  earlier  age  in  each  interval 
will  attain  the  later. 

Let  Po(s  =  the  number  living  under  age  x,  in  a  stationary  popula- 
tion, in  which  the  same  law  of  mortality  prevails  as  in 
Prussia. 
Dq,^  =  the  number  of  annual  deaths  under  age  x  in  the  station- 
ary population. 
Zq  =  the  number  born  alive  each  moment  of  timCy  in  the  stationary 

population. 
7,  =  the  number  surviving  x  years,  out  of  (/o)  the  momentary 
number  of  births. 
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p.,j  =  ~  =  the  probability  that  one  surviving  the  earlier  age  (a) 

will  attain  the  later  (&). 
do,,  =  Zo  —  Z,  =  the  number  dying  in  x  years  out  of  {\)  the  mo- 
mentary number  of  births. 
In  a  stationary  population 


^"'-  dx' 
and 

therefore, 

But  3fa/ft  J  the  ratio  of  the  average  annual  number  of  deaths  in  Prus- 
sia between  ages  a  and  h  to  the  number  of  the  living  between  these 
ages,  computed  with  reference  to  the  middle  of  the  period  in  which 

the  deaths  occur,  equals  -p'^*  ^I  -p'^ W^* 

Assume  h^i^  =  Qx  -\-  Ra^^  Q  and  R  being  unknown,  and  inde- 
pendent of  the  variable  x. 
Then 


^   _qx-\-R^ 

^'"^         dx        ' 


and 


Hence 


(which  =  p-  =  p— rp-j  =  »._„«    J^ 


Q-\-Rh  +  a 


and 


M  Q+Rc-\-b 


j;,-q: 
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So  also, 

h_.k—K^\__^lo—Qh—RV 

and 


X,.(.M=H  =  x|  =  >^;)=.^-^«t«^, 


Given  AT^j  and  M^,,,  required  \pan  and  X^j,^ 
First  determine  values  for  Q  and  R ;  the  values  of  Xj>„j  and  \pi„ 
are  then  readily  found. 


and 


in  which 


" 75 — oi •  '• ' 

YP — P  y 


O 

\ 

The  reduction  may  be  simplified  by  letting  A)  =  1,  and  by  the  use 
of  addition  and  subtraction  logarithms. 

In  like  manner,  from  ilf^/e  &nd  M^fi  obtain  \pi/e  <^nd  X^^^^;  and  so 
on  for  all  intervals  of  age  which  the  returns  give. 

We  thus  obtain  duplicate  values  for  the  logarithms  of  the  proba- 
bilities of  surviving  all  the  intervals  specified  except  two.  For  the 
first  and  the  last  interval  we  have  but  single  values.  We  may,  without 
material  error,  adopt  for  the  true  probability  the  mean  of  these  dupli- 
cate results. 

It  will  be  observed  that  the  conversion,  in  each  of  these  cases,  is 
made  for  the  entire  interval,  not,  as  is  more  frequent,  for  the  middle 
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year  of  the  interval.  We  are  thus  enabled,  without  the  intervention 
of  a  general  interpolation,  to  compute  directly  the  number  surviving 
at  certain  ages  in  the  resulting  life-table,  out  of  a  specified  number 
born  alive. 

Usually  the  conversion  is  from  a  single  ratio,  based  upon  the 
assumption  of  a  uniform  distribution  of  deaths  throughout  the  interval. 
By  the  present  method,  however,  the  conversion  is  effected,  taking 
into  account  the  actual  or  variable  distribution  of  deaths,  from  three 
consecutive  ratios,  one  preceding  and  another  following  the  interval. 
A  comparison  of  the  relative  accuracy  and  simplicity  of  several 
methods  for  effecting  the  conversion  will  be  given  on  a  following 
page. 

We  now  proceed  to  indicate  methods  for  obtaining  probabilities  of 
surviving  from  birth  to  ages  one,  three^  and  five. 

We  have  the  average  annual  number  of  deaths  in  Prussia  under 
the  ages  of  one,  three,  and  five  (Dq/h  A/31  A/s)*  for  the  period  of  the 
three  years  1839,  '40,  '41  ;  and  the  population  under  the  age  of  five 
(Po/s)  at  the  end  of  the  middle  year  of  the  period  (end  of  1840); 

also  the  ratio  (- )  of  the  annual  increase  in  the  number  of  births 

deduced  from  the  numbers  registered  for  each  of  the  six  years 
1836-41.  The  average  annual  number  of  deaths  for  the  three 
years  1839,  '40,  '41  we  shall  consider  identical  with  the  number  of 
deaths  for  the  year  1840. 

From  the  following,  it  would  appear  that  the  accaraie  number  of 
those  born  alive  cannot  be  obtained  directly  from  official  reports,  be- 
cause of  probable  deficiencies  in  registration.  If  the  numbers  of  the 
living  and  of  the  dying  at  the  earlier  ages  have  been  accurately 
observed  and  returned,  if  the  numbers  at  these  ages  have  been  but 
Little  affected  by  immigration  and  emigration,  and  if  the  ratio  of 
annual  increase  in  the  number  of  births  can  be  obtained,  a  close 
approximation  to  the  actual  number  of  those  bom  alive  may  be 
computed. 

Let  Zo  be  the  number  of  those  momentarily  born  alive  in  Prussia  at 
the  time  for  which  the  census  was  taken  (end  of  1840). 

1        /births  1839,  '40, '41V      ^i^^v,A^.^.        *•       r  *i.  i 

-  =  l.^-   u    ^00/.    ,oJ  ,00)  =  1.01545,  the  ratio  of  the  annual 
V        \births  1836,  '37,  '38/  * 

increase  in  the  number  of  births  estimated  from  those  registered  for 

each  of  the  six  years  1836-41. 
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X  -  =  .0066586,  the  logarithm  of  this  ratio. 

Let  bo,x  be  the  number  that  died  before  attaining  the  age  of  x  years 
(according  to  the  prevailing  law  of  mortality)  out  of  (Jq)  the  number 
bom  alive  in  Prussia  during  the  moment  of  time  (end  of  1840)  that 
the  enumeration  of  the  living  is  supposed  to  have  been  made. 

v'  d  dc,s  will  express  the  number  of  those  aged  x  years  that  died  in 
Prussia  during  the  supposed  moment  of  enumeration. 

the  annual  number  of  deaths  in  Prussia  under  the  age  otx  years,  for 
the  year  ending  with  the  census,  i.  e.  for  the  year  1840. 


«/o  a/o 


V  d  do/4 


represents  the  total  number  that  died  in  Prussia  during  the  x  years 
preceding  the  time  of  the  enumeration  of  the  living,  out  of  the  num- 
bers born  alive  within  that  period.     This  expression  obviously  equals 


J  0       rv 


represents  the  number  born  alive  during  the  x  years  preceding  the 
time  of  the  enumeration. 

The  numbers  born  alive  within  this  period  of  x  years,  less  the  num- 
bers dying  within  the  period  out  of  the  numbers  born  alive,  obviously 
represent  the  numbers  of  the  living  at  the  end  of  the  period  under  the 
age  of  a;  years ;  immigration  and  emigration  among  those  underage 
X  being  considered  null. 

-Po/x  =  kj^v*  —  v'f'v"f\'db^,^ 

the  numbers  bom  alive  during  (1840)  the  year  immediately  preceding 
the  time  of  enumeration. 
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Hence 


=Y-+-f.'-m 


ax 


'//- 


V 


in  which  F  is  the  Napierian  logarithm  of  v. 
Let  X  =  5 ;  then  will 

To  simplify,  let 

TV   J    _g'-''A„_   v'V     J)o,.dx 

Then 

The  returns  give 

average  annual  deaths  under  ages  one,  three, 

Do,s  =     178,539 

-,     o  o>iQ  oQ>i  J  population  under  age  five  at  the  end  of  the 

J'.^  _  2,249,284  I      y^„  jg^o 

From  these,  and  from  .0066586  ( =  X  -)  the  logarithm  of  the  ratio 

of  annual  increase  among  registered  births,  we  find 
Pi„=    98,100, 
Di,3  =  154,048, 
DU  =  179,912. 
Assume 


Don  =     103,509 

P.,=     157,628  >      ^^,g^^_ 


x.x —  l.x  —  3.3!  —  5JR 

=  xe+{ii?—x)g'-^{ii?—4x'+3x)fi-\-{x*—9t?+23a»—l5x)B. 
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+  V5 — r+^ 2-)^ 

=  ^  j,  +  2^^  +  (?^jiJ|Wl1?^ 

,    [(12«  — 135)a?  +  460]a;  — 450  _  ) 
+  30 ^V 

+  (4aj8  —  27««  +  46a?  —  15)  R. 

j^  =  2^+  (6«  —  8) ^  +  (12a?  —  54:c  +  46)  R. 

6 J  ^,  and  fi  are  the  divided  differences  of  the  values  I^o*o  (=  0), 
J^o/i)  A/39  &nd  Do,s ;  and  R  is  indeterminate. 

A         e  AB  fi  A^        g" 

Di'!==    98,100^®'^^^^®'*^^-    —70,128.5—23,376.17 

nJ     —  ,n  A4«  65»»43  27,971.5        ;"'"°  ^  o  !io  ok    19i616.92  8,923.38 

XI5;3  —  154,043      "l      12  QQvi  fi  —  15,037.0  —   3,769.26 

D',^  =  179,912  2^'^^^  ^^'^^^-^ 

We  observe  that  the  divided  differences  of  the  first  order  are  7?osi. 
tive^  and  that  they  diminish  as  the  age  advances. 

Required  for  R  a  value  such  that  the  first  differential  coefficients 
of  the  function  assumed  for  DJ,,  be  positive.  It  would  also  be  de- 
sirable, if  possible,  that  the  second  differential  coefficients,  from  birth 
to  at  least  age  five,  be  negative. 

The  latter  is  not  possible  for  the  entire  period,  with  our  present 
values  for  DJ„,  Di,^^  and  DJ,5,  if  we  assume  but  one  arbitrary  value 
{R).  Our  object,  however,  is  sufficiently  attained  by  taking,  for  R^  a 
value  such  that  for  ages  three  and  five  the  above  conditions  shall  be 
observed. 

That  the  first  differential  coefficients  be  positive  for  ages  three  and 
five,  it  is  requisite  that 

R  <       396.6 
>  —  920.1 ; 
that  the  second  differential  coefficients  be  negative  for  the  same  ages, 
it  is  requisite  that 

6* 
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B  >  _  939.8 
<  — 520.6; 

from  which  it  appears  that  it  should  he  negative^  and  that  its  value  be 
between  — 920,1 
and  —  520.6 

Let  U  =  —  700.    We  now  have 

B  =       98,100 

fi=—  23,376.17 

^  =         3,923.38 

R=z—      700. 
Hence 

^  Di,^dx  (which  =  "2  ^  +  "6"     "*"  "12"  12  ^  "^      ^ 

X^^^^=  1.3142433, 
rs—  1 

Po,5  =  2,249,284; 


/. 


in  which 

and 

therefore, 

£o  =  599,418. 

By  the  above  process  the  probable  number  born  alive  during  the 
year  1840  is  found  to  have  been  599,418  instead  of  562,394,  the 
average  of  the  numbers  registered  as  born  alive  during  each  of  the 
three  years  1839,  '40,  '41 ;  thereby  indicating  an  annual  deficiency 
in  the  registration  of  37,024,  or  about  6.2  per  cent  of  the  probable 
number  bom. 

In  the  above  we  have  supposed  the  numbers  of  the  dying  and  of  the 
living  at  early  ages  accurately  returned.  If  either  be  represented  less 
than  truth,  the  resulting  correction  would  give  still  larger  the  probable 
number  of  births.  Correction  for  deaths  that  escape  registration,  » 
any,  would  tend  to  reduce  the  probabilities  of  living. 

Having  found  Lq  (which  equals  — :^jr-  .  -3—),  the  annual  number 

V        d  x^ 

of  births  for  the  year  1840,  we  next  seek  values,  corresponding  to 

intervals  of  age  0-1,  1-3,  and   3-5,  for  D'V,  (which  equals 

^^^.-;^),  the  annual  number  of  deaths  in  a  stationary  popula- 
V      dx^ 
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tion  in  which  L^  is  the  annual  number  of  births  ;  or  the  number  that 
must  die  in  x  years,  according  to  the  law  of  mortality  prevailing  in 
Prussia,  out  of  ioi  born  alive. 

v'V 

V—  1 


^••D'o^^-^A,. 


V  —  l%/o         dx 


But 
d (V .  JD',,,)  =  v'.d iy„.  +  2)'„. . i 0*  =  »' (i iy„.  +  7 D'o;. d «) ; 

.-.  dD",„  =  (diy.;.  +  VD%,dx)  ^^  . 
Integrating, 

»,  V,  D'e,,,  lyofl,  and  IKo^s  are  already  known ;  also  6,  fi,  and  fi, 
and  R  in  the  expression 


[(12a?— 135)  a?  +  460]  :c  —  450  ,,  5 
■•■  30  ^  1' 

Substituting  for  a?  values  1,  3,  and  5,  we  have 
f^D'o,xdx=  55,899, 

/^I>'o,xda?=  323,335, 

J^D'Q,:,dx=  657,995. 


Therefore, 


Z>"p,i  =:  104,184, 
D\,  =  159,735, 
i>"o/5  =  181,955. 
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^Po/x  (the  logarithm  of  the  probability  that  one  bom  alive  will  sur* 

Vive  X  years)  =  X-°-^^  =  X^^^'. 

Therefore, 

Xi?o,i  =  T.9 170804  =  X  .82619, 
X;?o,3  =  2S6^^'7  =  ^  .73352, 
\pofi  =  L8428880  =  X. 69645. 

Hence  of  100,000  bom  alive  there  will  attain  the  age  of 
one  year  82,619, 
three  years  73,352, 
five  years  69,645 ; 
or  of  100,389  bom  alive  there  will  attain  the  age  of 
one  year  62,941, 
three  years  73,637, 
five  years    69,916. 

The  latter  results  are  those  adopted  in  the  accompanying  inter- 
polated and  other  tables.  These  tables,  as  first  constmcted,  repre- 
sented the  probability  of  surviving  five  years  from  birth  to  be  .69916, 
computed  by  a  process  less  rigorous  and  satisfactory  than  the  one 
just  described.  By  assuming  the  same  number  surviving  at  age  five 
(69,916)  as  in  the  original  table,  modification  of  the  values  for  ages 
greater  than  five  becomes  unnecessary. 

The  logarithms  of  the  numbers  surviving  certain  ages  out  of  100,389 
born  alive  may  be  continued  for  ages  greater  than  five,  by  successively 
adding  to  4.8445759  (the  logarithm  of  the  number  surviving  age  five), 
the  logarithms  that  have  previously  been  determined  for  the  proba- 
bilities of  surviving  the  consecutive  intervals. 

The  table  will  then  be  ready,  either  for  a  general  interpolation  of 
the  numbers  surviving  each  anniversary  of  birth,  or  for  obtaining,  by 
abridged  methods,  the  accurate  average  duration  of  life,  life  annuities, 
annual  premiums,  single  premiums,  and  other  practical  tables  involv- 
ing life  contingencies,  for  certain  ages,  without  the  intervention  of  a 
general  interpolation.  Simple  mlcs  may  also  be  added  for  computing 
from  these  periodical  results  any  specified  values  intermediate. 

The  following  is  a  brief  method  for  finding  approximate  values  for 
the  probabilities  of  surviving  the  intervals  from  birth  to  ages  one, 
three,  and  five,  on  the  supposition  of  a  probable  deficiency  in  the 
registered  number  of  births,  and  that  the  ratio  between  the  numbers 
registered  and  the  true  numbers  is  constant. 
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The   same  interpretation  of  symbols  is   observed  as  in  the  last 
demonstration. 
We  already  have 


TV        ^,^^'"'-^0- 


and 


X 

When  the  interval  (0  -  x)  is  not  large,  a;  u^r  is  a  close  approximation 
to  the  value  of  jv'  d  x ;  hence  the  following  approximate  relations. 


d  do,,      d  Ai 


Let  us  first  seek  an  approximate  value  for  L^, 
It  is  obvious  that 

f^iy,i,dx  =J^iyo,.dx  +f'l)'„,dx+f^D',„dx. 

Assuming  each  term,  in  the  right-hand  member,  to  be  the  integral 
of  the  general  term  of  an  equidifferent  progression,  we  have 


^  D'o,,<fa;  =  3—1 


Therefore, 
Since 


^0/1 

2  ■ 


f^D'o,.  dx=:  D'o,5  +  2  D'o/3  +  I  l>'o. 


»'    A„ 


i>'o,x  = 

J5'o/i  >  I>'o/8 »  and  l^cs  equal  respectively  98101,  154044,  and  179913. 
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Therefore, 


But 


f. 


D%^dx=:  635,152. 


^0= ^^^ 


Po,3  +A"B'.,.dx 

5v« 
2,249,284  +  635,1 52  =  2,884,436 

■~  bv^ 

=  594,851. 

594,851,  the  computed  number  of  births  for  the  year  1840  by  this 
approximate  method,  is  less  by  about  three  fourths  of  one  per  cent 
than  599,418,  the  corresponding  number  of  births  computed  by  the 
previous  method. 

Having  found  an  approximate  value  for 

t.».A(or£.), 
we  next  wish  approximate  values  for 

dx  ^    J  0     v'    ^ 
corresponding  to  intervals  of  age  0-1,  0-3,  and  0-5. 
When  the  interval  ft  -  a  is  small. 


—^  nearly  equals ^^--'  ,  or  -^ 


• 


V    ^  V 


Hence  the  following  approximations  : 


vii^  =  =^=  104,306. 
ax        v* 

vi^J!!=^=    55,804. 
dx        V* 

vi^J!l  =  ^=    22,234. 
ax        V* 

.»»^=.  104.306. 
ax 


vi^=  160,110. 
dx 

^i^=  182,344. 
dx 


*  This  approximation  was  adopted  by  Dr.  Farr  in  constructing  his  AostiiaB 
Life-Table.  —  Rep.  Reg,  Gen. 


Hence 


Lo- 
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^)  =  X-«  1.! 


Pt,i  (which  = J-—-J  =  5^"'  1-9162709  =  .82465. 

pt,»  (which  =  —  r^^J  =  X-'1.8638226  =  .73084. 


u- 


^0/5 1-'* 

dx 


)  =  x-a.i 


Po,s  (which  = r-   -y  =  X-»T.8410233  =  .69346. 

Then  of  100,000  bom  alive  there  will  be  living  at  ages 

(1)  82,456, 

(3)  73,084, 

(5)  69,346 ; 

or  assuming  the  number  living  at  age  five  to  be  69,916,  the  same  as 

in  accompanying  tables,  then  out  of  100,821  born  alive  there  will  be 

living  at  ages  (1)  83,143, 

(3)  73,684, 

(5)  69,916. 

This  table,  joined  with  the  interpolated  for  ages  greater  than  five, 

gives  for  average  future  duration  of  life  36.51  years  from  birth, 

instead  of  36.66,  according  to  the  values  previously  obtained,  and 

adopted  in  the  interpolated  and  other  tables. 

If  we  substitute  562,394,  the  average  annual  number  returned  as 
bom  alive  in  Prussia  for  a  period  of  time  (1839,  '40,  '41)  of  which 
the  year  1840  was  the  middle,  for  594,851,  the  approximate  number 
just  computed,  we  shall  find 

X|?o,i  =  T.9109082  =  X  .81453, 
Xpo/3  =  r.8544920  =  X. 71531, 
Xi?o/5  =  1.8298000  =  X  .67577 ; 
and  out  of  103,461  bora  alive  84,272  will  survive  one  year, 

74,006  "  three  years, 

69,916         "  five  years, 

and  the  average  future  duration   of  life  from   birth  will  appear  to 
have  been  35.61  years. 

A  general  interpolation  of  the  logarithms  of  the  proportions  surviv- 
ing each  anniversary  of  birth  intermediate  the  specified  ages,  gives 
the  following. 
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PsussiAN  Life-Table,  calculated  from  the  ages  of  those  dtiko  DireiKO 

THE     three   tears   1839,  '40,    *41  ;    AND    FROM    THE    AGES    OF    THE    UTISO 
COMPUTED  WITH  REFERENCE  TO  THE  MIDDLE  OF  THE   YEAR   1840. 


Logarithms 

DIffenncM 

between 

CozueeutiTe 

PERaOHS 

ArezagB 
PatnrB 
Ihuation 

ofiheProba- 

Dying 

AgM. 

oftheNumboTs 

Born,  and  liring 

at  each  Age. 

XL, 

biUtj,  at  each 

Age,  of  Living 

One  Year. 

Logarithms  of 

the  Probability 

ofLiTing. 

Bom,  and 
Liring  at 
each  Age. 

during  each 

Year  of 

Age. 

Life. 

^^^1-^^, 

^Px-^i'.+l 

^- 

^,-^,^1 

^s 

^P> 

^JXp^ 

^, 

0 

5.001688 

.917080  —  1. 

—  51797 

100,389 

17,448 

36.66 

1 

4.918768 

.968877 

— 10576 

82,941 

5,736 

2 

4.887645 

.979453 

—    7597 

77,205 

3,568 

3 

4.867098 

.987050 

—   3378 

73,637 

2,163 

4 

4.854148 

.990428 

—    1854 

71,474 

1,558 

5 

4.844576 

.992282 

—    1678 

69,916 

1,232 

47i)6 

6 

4.836858 

.993960 

—    1241 

68,684 

948 

7 

4.830818 

.995201 

—      886 

67,736 

745 

8 

4.826019 

.996087 

—      601 

66,991 

601 

9 

4.822106 

.996688 

—     381 

66,390 

504 

10 

4.818794 

.997069 

—     210 

65,886 

443 

44.81 

11 

4.815863 

.997279 

—        84 

65,443 

409 

12 

4.813142 

.997363 

4 

65,034 

393 

13 

4.810505 

.997359 

63 

64,641 

392 

14 

4.807864 

.997296 

99 

64,249 

399 

15 

4.805160 

.997197 

120 

63,850 

411 

41.17 

16 

4.802357 

.997077 

121 

63,439 

425 

17 

4.799434 

.996956 

123 

63,014 

440 

18 

4.796390 

.996833 

114 

62,574 

455 

19 

4.793223 

.996719 

107 

62,119 

468 

20 

4.789942 

.996612 

101 

61,651 

479 

37.54 

21 

4.786554 

.996511 

95 

61,172 

489 

22 

4.783065 

.996416 

95 

60,683 

499 

23 

4.779481 

.996321 

100 

60,184 

508 

24 

4.775802 

.996221 

106 

59,676 

517 

25 

4.772023 

.996115 

118 

59,159 

527 

34.02 

26 

4.768138 

.995997 

121 

58,632 

538 

27 

4.764135 

.995876 

125 

58,094 

549 

28 

4.760011 

.995751 

128 

57,545 

560 

29 

4.755762 

.995623 

133 

56,985 

571 

SO 

4.751385 

.995490 

137 

56,414 

583 

30.55 

31 

4.746875 

.995353 

140 

55,831 

594 

32 

4.742228 

.995213 

144 

55,237 

606 

33 

4.737441 

.995069 

151 

54,631 

617 

34 

4.732510 

.994918 

153 

54,014 

628 

35 

4.727428 

.994765 

158 

53,386 

640 

27.14 

36 

4.722193 

.994607 

159 

52,746 

651 

37 

4.716800 

.994448 

161 

52,095 

661 

38 

4.711248 

.994287 

165 

51,434 

673 

39 

4.705535 

.994122 

171 

50,761 

682 

40 

4.699657 

.993951 

185 

50,079 

693 

23.76 

41 

4.693608 

.993766 

204 

49,386 

703 

42 

4.687374 

.993562 

230 

48,683 

717 

43 

4.680936 

.993332 

258 

47,966 

731 

44 

4.674268 

.993074 

291 

47,235 

747 

45 

4.667342 

.992783 

323 

46,488 

766 

20.40 

46 

4.660125 

.992460 

352 

45,722 

787 

47 

4.652585 

.992108 

391 

44,935 

809 

48 

4.644693 

.991717 

438 

44,126 

834 

49 

4.636410 

.991279 

498 

43,292 

860 

50 

4.627689 

.990781  —  1. 

570 

42,432 

892 

17.11 
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LOOARITHUS 

Differences 

between 
Consecutive 

Persons 

Average 

Of  the  Proba- 

Dying 
during  eanh 

iruture 
Duration 

or  the  Numbers 

bility,  at  each 

Bom,  and 

Ages. 

Born,  and  Living 
at  each  Age. 

Age,  of  Living 
One  Year. 

the  ProbabiUty 
of  Living. 

Living  at 
each  Age. 

Year  of 
Age. 

tation)  of 
Life. 

XL 

X 

^^.+1-^^, 

^P.-^Pr^l 

L 

s 

^.-^,+, 

^, 

^Ps 

^JXp^ 

^, 

51 

4.618470 

.990211—  1. 

651 

41,540 

.  925 

52 

4.608681 

.989560 

745 

40,615 

965 

53 

4.598241 

.988815 

851 

39,650 

1,008 

54 

4.587056 

.987964 

970 

38,642 

1,057 

55 

4.575020 

.986994 

1101 

37,585 

1,108 

13.98 

56 

4.562014 

.985893 

1307 

36,477 

1,166 

57 

4.547907 

.984586 

1491 

35,311 

1,231 

58 

4.532493 

.983095 

1657 

34,080 

1,302 

59 

4.515588 

.981438 

1803 

32,778 

1,871 

60 

4.497026 

.979635 

1934 

31,407 

1,439 

11.22 

61 

4.476661 

.977701 

2042 

29,968 

1,500 

62 

4.454362 

.975659 

2137 

28,468 

1,551 

63 

4.430021 

.973522 

2215 

26,917 

1,592 

64 

4.403543 

.971307 

2275 

25,325 

1,619 

65 

4.374850 

.969032 

2323 

23,706 

1,632 

9.03 

66 

4.343882 

.966709 

2330 

22,074 

1,629 

67 

4^10591 

.964379 

2337 

20,445 

1,610 

68 

4.274970 

.962042 

2345 

18,835 

1,576 

69 

4.237012 

.959697 

2351 

17,259 

1,530 

70 

4.196709 

.957346 

2360 

15,729 

1,471 

7.86 

71 

4.154055 

.954986 

2367 

14,258 

1,404 

72 

4.109041 

.952619 

2414 

12,854 

1,328 

73 

4.061660 

.950205 

2828 

11,526 

1,249 

74 

4.011865 

.947377 

2988 

10,277 

1,173 

75 

3.959242 

.944389 

3157 

9,104 

1,094 

5.97 

76 

3.903631 

.941232 

3338 

8,010 

1,014 

77 

8.844863 

.937894 

3527 

6,996 

932 

78 

3.782757 

.934367 

3726 

6,064 

851 

79 

3.717124 

.930641 

3939 

5,213 

769 

80 

3.647765 

.926702 

4162 

4,444 

690 

4.80 

81 

3.574467 

.922540 

4399 

3,754 

613 

82 

3.497007 

.918141 

4648 

3,141 

540 

83 

3.415148 

.913493 

4913 

2,601 

470 

84 

3.328641 

.908580 

5191 

2,131 

404 

85 

3.237221 

.903389 

5485 

1,727 

345 

3.82 

86 

3.140610 

.897904 

5799 

1,382 

289 

87 

3.038514 

.892105 

6126 

1,093 

241 

88 

2.930619 

.885979 

6475 

852 

196 

89 

2.816598 

.879504 

6842 

656 

159 

90 

2.696102 

.872662 

7231 

497 

127 

3.02 

91 

2.568764 

.865431 

7641 

370 

98 

92 

2.434195 

.857790 

8076 

272 

76 

93 

2.291985 

.849714 

8534 

196 

57 

94 

2.141699 

.841180 

9019 

139 

43 

95 

1.982879 

.832161 

9530 

96 

81 

96 

1.81.5040 

.822631 

10072 

65 

22 

97 

1.637671 

.812559 

10644 

43 

15 

98 

1.450230 

^01915 

11248 

28 

10 

99 

1  252145 

.790667 

11887 

18 

7 

100 

1.042812 

.778780 

12562 

11 

4.4 

101 

0.821592 

.766218 

13275 

6.6 

2.7 

102 

0.587810 

.752943 

14029 

3.9 

1.7 

103 

0.340753 

.738914 

14826 

2.2 

1.0 

104 

0.079667 

.724088  —  1. 

1.2 

.6 

105 

1.803755 

.6 

.6 
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The  leading  features  in  the  interpolated  Life-Tahle  for  Prussia 
are  two. 

1st.  Strict  conformity  at  certain  points  to  values  calculated  from 
actual  data. 
*     2d.  Regularity  in  the  graduation. 

It  will  he  ohserved  that  the  logarithms  of  the  proportions  horn  alive 
and  surviving  ages  1,  3,  5,  14,  25,  35,  45,  55,  65,  75,  and  85,  as 
calculated  from  actual  data,  are  identical  with  those  in  the  interpolated 
table.  More  frequent  coincidence  would  fail,  for  certain  intervals  of 
age,  to  secure  the  desired  regularity. 

From  these  values  we  find,  by  inspection,  that  the  logarithms  of 
the  reciprocals  of  the  probabilities  of  surviving  equal  consecutive  in- 
tervals of  age  diminish  from  birth,  until  they  attain  a  minimum  between 
ages  5  and  25  (near  age  14),  then  gradually  increase  for  subsequent 
intervals. 

In  effecting  the  interpolation,  we  sought  to  arrive  only  at  results 
that,  coinciding  at  the  ages  above  specified  with  those  derived  from 
the  actual  data,  should  represent  the  logarithms  of  the  reciprocals  of 
the  probabilities  of  surviving  consecutive  annual  intervals  of  age  as 
diminishing  from  birth  to  a  minimum  at  some  point  between  ages 
5  and  25,  then  gradually  increasing  for  subsequent  intervals  of  age ; 
and  that  the  differences  between  these  logarithms  should  also  advance 
without  manifest  irregularity,  increasing  from,  at  latest,  age  25  to 
extreme  old  age. 

Two  distinct  functions  of  interpolation  were  employed. 

1st.  The  exponential. 

ForXi,,  write  0,. 

in  which  (t>a^4*b^  4>e  are  known  values  of  the  function  ^,,  correspond- 
ing to  ages  a,  &,  and  c.  ^  is  to  be  determined.  If  the  terms  be 
equidistant^  that  is,  if  c  —  h  =  h  —  a, 

A_a_,  4>c  —  i>b^ 

4>b  0a  ' 

*.  =  *.  +  <5^^^fz^-tf— »• 

If  the  terms  be  not  equidistant,  the  determining  of  q  will  involve 
the  solution  of  quadratic  or  higher  equations. 


and 
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2d.  The  algehraic. 


in  which 

n,  =  a?  —  a  .  X  —  h  ,  x  —  c  .  x  —  d , 

and 

-^*  —  ::: — z »  •^*  —  i — i '  ^*  =  i — : »  -^^  = 


a^  —  a^'^a?  — ^'     '"^a?  — c'^'^a:  — rf' 


Q  may  be  zero,  or  an  arbitrary  constant  real  and  finite,  or  a  real 
function  involving  only  integral  powers  of  the  variable,  and  which 
cannot  cause  the  term  ( Q II;.)  to  become  infinite  or  indeterminate  for 
any  value  of  the  variable  within  the  limits  assigned  for  interpolation, 
or  between  those  corresponding  to  the  extreme  given  values  of  the 
function. 

^.  A,   r  obviously  becomes  unity ^  and  terms  indepen- 

'  Ag,  \     dent  of  this  factor  vanish. 

h  —  "  "  " 

/.     __f  4C  4C  a 

d  ~  "  "  " 

Another  convenient  function  for  interpolation  when  three  terms  are 
given,  but  which  was  not  employed  in  framing  the  present  table,  is 
the  general  parabolic. 


0,=*.+(«6-w(l^y, 


in  which 

<»6  —  »a 

0  —  a 

The  exponential  involves  but  three  known  values  of  the  function. 

The  number  of  known  values  that  may  enter  into  the  interpolation 
by  the  algebraic  is  unlimited  ;  but,  without  care,  the  resultmg  series 
will  often  be  quite  eccentric. 

Given,  logarithms  of  the  proportions  bom  alive,  and  surviving  ages 


1 


25  and  38  ,  .•    i      •  .       i  *  j    r 

were    respectively    interpolated    from 

35  and  48         ,  ,  i.    ,_     i. 

>      known  values  of  the   function  for 
45  and  58  | 

ages 

^  [55,  65,  and  75. 
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1,  3,  5,  14,  25,  35,  45,  55,  65,  75,  and  85;  required  (XX.)  the 
logarithms  of  the  proportions  surviving  each  intermediate  anniversary 
of  birth. 

By  the  exponential  formula  values  l^tween  ages 

25,35,  and  45. 

35,  45,  and  55. 

45,  55,  and  65. 

55  and  68 

Values  from  73  to  age  105,  inclusive,  were  interpolated  from  known 
values  of  the  function  for  ages  65,  75,  and  85. 

By  the  above  it  appears  that  duplicate  values  were  obtained  at  ages 
36  and  37,  46  and  47,  56  and  57. 

The  results  deduced  from  these  interpolations  conform  strictly  to  the 
conditions  imposed,  except  near  the  joining  points  of  the  several  series, 
where  appear  irregularities  in  the  first  and  second  orders  of  differences. 
These  manifest  irregularities  were  then  corrected  for  the  several  in- 
tervals, by  adding  to  the  result  at  each  of  the  several  ages  the  corre- 
sponding value  of  A,,  derived  from  the  simple  algebraic  function 

X  —  a,x — h.x  —  c  .'X — h   . 

X  —  a  .  X  —  h.x  —  c  *  X  —  g 
*A  —  a  .  h  —  h  .  h  —  c  ,  h  —  g' 

In  applying  the  correction  to  ages  between  35  and  48,  a,  h,  c,  gy 
and  h  equalled  respectively  35,  45,  55,  36,  and  37.  A;,  and  A,,  were 
the  differences  between  the  duplicate  values  for  ages  36  and  37. 
The  difference  was  positive  when  the  one  of  the  duplicate  values 
first  obtained  was  the  greater. 

In  correcting  between  ages  45  and  58,  a,  3,  c,  g,  and  h  equal  re- 
spectively 45,  55,  65, 46,  and  47,  and  A48  and  A„  were  the  differences 
respectively  between  the  X  L^e  and  X  L^j  just  corrected,  and  the  corre- 
sponding results  derived  by  the  exponential  formula  from  values  for 
ages  45,  55,  and  65. 

By  a  similar  process  the  correction  was  made  for  values  between 
ages  55  and  68. 

A  slight  irregularity  still  existing  in  the  second  differences  (the 
first  differences  from  the  logarithms  of  the  probability  of  living)  near 
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the  joining  of  the  series  about  age  36,  another  correction  was  made  to 
the  values  between  ages  37  and  45,  viz. : 

_  a?  —  35. a?—  36. a?  —  37. a?  —  45. a?  —  46. g  —  47 

^'  "  ^"^  34  —  35  .  34  — 36  .  34  —  37  .  34  — 45.  34— 46  .  34—47* 

The  values  for  Agf ,  being  the  difference  between  the  first  of  the 
duplicate  X  L^  and  the  corrected  second  of  the  duplicates.  A,  is 
additive,  if  the  first  of  the  duplicate  values  for  X  L34  is  the  greater. 

The  values  between  ages  57  and  73,  inclusive,  were  computed  from 
the  known  values  at  ages  65,  66,  67,  and  73,  by  assuming  the  third 
order  of  differences  constant. 

XLtb  =  Xl.85+8A  +  28Aa4.56A3. 

A  and  As  were  derived  from  the  original  value  for  X  Xes «  and  from 
the  corrected  values  for  X  L^  and  \L„,  A3  was  then  readily  found, 
and  consequently  the  values  required  between  ages  67  and  73.  A 
modification  of  the  method  here  indicated  might  have  been  applied 
with  advantage  to  the  correction  of  irregularities  near  the  points  of 
junction  in  other  parts  of  the  table. 

From  the  given  values  of  X  L,  for  ages  3,  5,  14,  25,  35,  together 
with  the  values  of  X  L,  for  ages  26  and  27,  computed  as  above,  the 
unknown  values  between  ages  5  and  26  were  interpolated  by  the 
algebraic  formula 

X  Ir,  =  <^,  =  <^3-^  +  <^5  -g^  +  ^14  ^'  +  <Am  ;gf  +  <A»  ;^  + 

The  forms  of  the  functions  A,B^C^  &c.  have  been  previously  given. 

From  X  Li ,  X  L3 ,  and  X  X3  values  were  deduced  by  the  exponential 
formula  for  X  L,  {==  4.887645)  and  X  L,  (=  4.854456). 

By  the  same  formula,  from  X  Ls,  X L5,  and  the  computed  value  for 
\Lj  was  deduced  a  duplicate  value  for  xA  (=  4.853532).  From 
comparison  of  the  duplicate  values  for  XL^,  giving  to  the  former 
double  weight,  we  obtain  4.854148. 

We  remark  that  the  desired  regularity  in  the  graduation,  for  the 
greater  part  of  the  table,  was  attained  by  making  identical  three  or 
more  consecutive  values  of  adjoining  series. 

It  will  be  observed  that  the  interpolated  results  represent  mortality 
7* 
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diminishing  from  birth,  until  attaining  a  minimum  about  age  12,  then 
increasing  gradually  to  age  105,  the  assumed  terminating  age  of  the 
table.  Also,  that  the  values  in  the  column  of  differences  headed 
—  A\ps  gradually  increase  through  the  greater  part  of  the  entire 
table,  diminishing,  however,  between  ages  17  and  22.  A  curve,  to 
which  the  intervals  of  age  and  corresponding  intensities  of  mortality 
are  co-ordinates,  will  be  concave  downwards  through  the  space  where 
these  differences  diminish,  if  elsewhere  concave  upwards.  The  attain- 
ment of  regularity  at  joining  points  in  the  order  of  differences  next 
higher,  was  deemed  unimportant.  For  the  accuracy  with  which  much 
of  the  arithmetical  computation  has  been  performed,  in  the  preparation 
of  this  and  certain  other  tables  following,  credit  is  due  to  Mr.  Howard 
D.  Marshall,  of  Boston.* 

Life-Tables,  advancing,  by  regular  gradations,  from  birth  to  extreme 
old  age,  and  conforming  strictly  at  convenient  intervals  to  values  de- 
rived from  original  data,  are  uncommon. 

The  graduation  of  the  older  tables  was  very  imperfect.  The  Car- 
lisle gives  the  annual  rate  of  mortality  at  age  20  greater  than  at  23; 
at  31,  greater  than  at  34 ;  at  46  greater  than  at  51 ;  at  88  greater  than 
at  89  ;  and  at  91  the  same  as  at  101.  Mr.  Milne^s  excellent  table  for 
Sweden  and  Finland,  (1801-5,)  though  less  faulty,  is  still  irregular; 
so  also  those  of  De  Parcleux,  Kersseboom,  Finlaison,  and  others. 

The  valuable  and  elaborate  English  Life-Tables  prepared  by  Dr. 
Farr,  and  published  in  the  Reports  of  the  Registrar-General  (Eng- 
land), and  also  the  one  prepared  by  a  committee  of  eminent  actuaries 
to  represent  a  law  of  mortality  according  to  the  combined  experience 
of  Insurance  Companies,  as  published  by  Mr.  Jenkin  Jones,  vary  the 
results  derived  from  actual  data,  to  conform  to  assumed  laws.  The 
graduation  of  the  Actuaries'  Table  is  unexceptionable  ;  that  of  the 
tables  of  Dr.  Farr  nearly  so. 

The  important  tables  presented  by  Mr.  E.  J.  Farren,  in  his  instruc- 
tive treatise  entitled,  "  Life  Contingency  Tables,  Part  I.,"  begin 
with  age  21,  and  conform  strictly  at  decennial  points  to  values  derived 
from  actual  data.  The  function  of  interpolation  adopted  by  him  was 
the  Calculus  of  Finite  Differences,  so  far  as  possible  ;  assuming,  how- 
ever, the  intensity  of  mortality  to  advance  by  a  constant  ratio,  when, 
either  from  paucity  of  data  or  other  sufficient  cause,  the  Calculus  of 

*  Mr.  Marshall  has  deceased  since  this  paper  was  prepared,  and  in  press. 
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Finite  Difierences  was  inapplicable.  The  results  attained  are  entire- 
ly regular. 

Many  writers  on  this  subject  have  felt  it  desirable  that  some 
simple  generic  law  be  discovered,  which,  by  suitable  changes  in  the 
constants,  will  approximale  the  specific  laws  of  human  mortality  indi- 
cated by  known  tables.  Among  the  more  philosophical  conceptions 
is  the  one  of  Mr.  Gompertz  (Philosophical  Transactions,  1825),  that 
for  the  greater  part  of  life  man  momentarily  loses  "  equal  proportions 
of  his  remaining  power  to  oppose  destruction '^ ;  and  consequently, 
that  the  intensity  of  mortality  increases  with  advancing  age  by  a  con- 
stant ratio.  Mr.  Edmonds  would  have  ''  the  force  of  mortality  at  all 
ages "  "  Q;cpressible  by  the  terms  of  three  geometric  series,  so  con- 
nected that  the  last  term  of  one  series  is  the  first  of  the  succeeding 
series."  Dr.  Farr  recognized  the  principle  in  framing  his  English 
Tables  for  1841  ;  treating  "  the  two  series  of  numbers  representing 
the  mortality  from  15  to  55,  and  from  55  to  95,  as  geometrical  pro- 
gressions. The  ratios  were  derived  from  a  comparison  of  the  increase 
in  the  mortality  at  15-20,  25-30,  35-40,  &c. ;  and  the  increase  at 
20  -  25,  30  -  35,  40  -  45,  &c. ;  and  the  first  terms  were  derived  from 
these  ratios,  and  the  sums  of  the  series  which  they  formed." 

Mr.  Orchard's  method,  as  described  by  Mr.  Gray  in  the  Assurance 
Magazine,  (London,)  for  July,  1856,  was  the  adoption  of  "  two  con- 
secutive series,  having  constant  second  differences,"  to  represent  the 
proportions  living  from  age  20  to  80  and  from  80  to  96,  the  ter- 
minating age  of  his  table.  He  wished  "  to  find  a  simple  algebraical 
relation  which  should  passably  well  represent  some  of  our  best  tables." 
The  advantage  claimed  for  a  table  so  constituted  ^^  is,  that  it  admits, 
by  the  application  of  simple  analytical  processes,  of  the  independent 
formation  of  any  of  the  values  which  ordinarily  require  the  aid  of  a 
formidable  array  of  the  results  of  previous  computation."  The  same 
paper  gives  a  single  algebraical  function  of  the  second  degree  pro- 
posed by  Mr.  Babbage,  which  is  said  to  represent,  nearly,  the  Swedish 
Table  of  Mortality. 

Other  methods  have  been  proposed  by  mathematicians  of  estab- 
lished reputation.* 

*  A  valuable  contribution  to  this  department  of  the  science  of  Vital  Statistics 
was  read  before  the  American  Association,  at  its  late  meeting,  by  President  McCay 
of  South  Carolina. 
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B*  Discussion  of  Certain  Methods  foh  convebtino  Batio  of  Deaths 
TO  Population,  within  given  Intervals  of  Aob,  into  Looarithhb  of 
THE  Probability  that  one  litino  at  the  Earlier  Age  will  attain 
the  Later.    With  Illustrations  from  English  and  Prussian  data. 

In  the  paper  iromediately  preceding,  a  method  has  been  indicated 
for  the  conversion  of  mortality  into  probability  of  living  from  a  com- 
parison of  three  consecutive  ratios,  one  preceding  and  another  follow- 
ing the  specified  interval.  In  the  present  paper  the  results  so  derived 
will  be  compared  with  others  obtained  from  a  single  ratio. 

Let  m  (identical  with  M  in  the  preceding  paper)  represent  the  rate 

of  annual  mortality  for  any  interval  of  age,  or  the  ratio  (  —  1  of  the 

number  annually  dying  to  the  number  living  in  the  community  within 
that  interval  of  age. 

If  the  population  be  stationary^  ma,h  (which  equals  -^'-\  the  rate  of 

annual  mortality  for  the  interval  between  ages  a  and  &,  will  equal 

L^-U_f-dL^ 

f[L,dx       f[L,dx' 

If  also  the  deaths  be  supposed  uniformly  distributed  throughout  the 

interval  of  age,  i.e.  — dL^^  constant,  the  numerator  (  /   — dL\ 

will  represent  the  sum  of  a  series  of  constants,  and  the  denominator 

(   f  L,  dx\  the  sum  of  a  series  of  values  progressing  by  a  common 

difference  ;  hence  the  value  of  the  fraction  will  be  independent  of  the 
extent  of  the  interval^  and  will  vary  only  with  the  mean  age. 

If  for      l'    ,  the  mean  age,  we  substitute  z,  and  assume  for  k 

any  arbitrary  value,  W7n,7+*  will  be  constant  for  all  values  of  the 
arbitrary^  provided  2  k  does  not  exceed  {b  —  a)  the  limits  of  age 
within  which  the  uniformity  of  distribution  was  assumed. 

It  will  follow  that  y'— ,  the  value  of  the  probability  that  one  living 

■Ltz  +  k 

at  the  earlier  age,  z  —  A:,  will  attain  the  later,  «  +  Xr,  expressed  in 
terms  of  the  known  annual  rate  of  mortality  (to,;^),  and  of  the  arbi- 
trary (A:),  is 

l  —  k  ffl^,ft 
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Hence  the  probability  of  surviving  the  entire  period  {b  — a)  is 
1 S-"  ^»/* 


-   ,  ft  — a 
and  the  probability  of  surviving  the  middle  year  of  the  period  is 

1  +  i  ««// 
Again,  if  the  population  be  stationary^  ^^/T+TI  •  dx  (for  which  put 
max  .  <^^)i  the  intensity  of  mortality  at  age  a?,  or  the  rate  of  momen- 
tary mortality  at  that  age,  will  equal 

(for  which  put  —  Xj^^,),  the  Napierian  logarithm,  with  the  algebraic 

sign  changed,  of  the  probability  of  surviving  a  moment  of  time  from 
age  X, 

Hence  /  mj^dx^  the  integral  within  the  limits  of  the  ages  a  and 
b  of  the  intensity  of  mortality,  will  equal  —  X  p^j, ,  the  Napieriaa  log- 
arithm, with  its  sign  changed,  of  the  probability  that  one  living  at  the 
earlier  age  (a)  will  attain  the  later  (b). 

"  A  rate  of  mortality  "  *'  derived  from  the  integration  —  j  dL^^ 

has  been  happily  styled  the  "  integral  rate  of  mortality."* 

Assuming  deaths  uniformly  distributed,  m^,  becomes  equal  to  m^/i; 
that  is,  the  rate  of  annual  mortality  at  the  mean  age  equals  the  rate  of 
annual  mortality  for  the  entire  interval ;  consequently 
—  Xpd,=  m^,i  .  (Z«; 

that  is,  the  Napierian  logarithm,  with  its  sign  changed,  of  the  proba- 
bility of  surviving  a  moment  of  time  at  the  middle  of  the  specified 
interval,  equals  the  rate  of  annual  mortality  for  the  interval,  multiplied 
by  the  differential  of  the  mean  age. 

*  Life  Contingency  Tables,  Part  I.,  by  £.  J.  Farren.  In  the  same  connection  is 
stated  the  important  proposition,  that  **  whateyer  progression  prevails  among  the 
integral  rates  of  mortality  at  different  ages,  the  same  progression  will  be  found 
to  prevail  among  the  logarithms  of  the  probabilities  of  living,  and  vice  vtrsa,** 
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The  intensity  of  mortality  at  age  %  (when  deaths  are  uniformly  dis- 
tributed) being  the  middle  term  ( — = — ^1  of  a  series  of  reciprocals 

of  an  arithmetical  progression,  is  less  by  a  small  proportion  than  the 
average  value  of  the  terms  constituting  the  series ;  hence  (m^i)  the 
rate  of  annual  mortality  for  the  interval  of  age  h  —  a  is  somewhat 

Uss  (in  the  case  of  such  uniform  distribution)  than  If    m^,  .efzj 

the  integral  rate  of  mortality  for  the  interval,  or  than  its  equivalent 
( — y<Paib)i  the  Napierian  logarithm,  with  the  sign  changed,  of  the 

probability  that  one  living  at  the  earlier  age  (a)  will  attain  the  later 
age  (h). 

To  convert  the  Napierian  to  the  common  logarithm,  we  multiply  by 
lu  (=  .4342945),  the  modulus  of  the  common  system. 

PRUSSIA.     1839,  '40,  '41. 

Table  comparing  Logarithms  of  Frobabilities  of  Surtivikg,  comput- 
ed BT  different  Methods. 


Ag«i 
a,  6. 

Ratio  of 
Deaths  to 

MOKTALITT. 

Common  Logarithm,  with  chaDged  Sign,  of  the  ProbablUtr  that  one  Ut- 
ing  at  the  Barlkw  Age  in  each  Interral  will  attain  the  Later. 

IXTBOaAL. 

Appaozxxatb. 

m 

each 

from  thrtt 

consecatiTe 

Ratio*. 

.— 'r 

^-f 

-(6-.a)^.« 

■+■'-? 

-(6-a).^_^. 

A 

.0802238 

B 

c 

D 

E 

0-   5 

.157112* 

.176598 

.174297 

.174204 

5-   7 

.0152056 

.013155 

.013208 

.013208 

X)13208 

7-14 

.0077790 

.023557 

.023655 

.023649 

.023649 

14-20 

.0062978 

.016416 

.016413 

.016411 

.016411 

20-25 

.0089397 

.019425 

.019416 

.019412 

.019413 

25-30 

.0096939 

.021058 

.021054 

.021050 

.021050 

30-35 

.0108317 

.023537 

.023527 

X)23521 

.023521 

35-40 

.0131780 

.028637 

.028626 

.028616 

.028616 

40-45 

.0144675 

.031449 

.031430 

.031416 

.031416 

45-55 

.0210345 

.092322 

.091691 

.091355 

.091352 

65-60 

.0357042 

.077981 

.077738 

.077539 

.077531 

60-65 

.0557995 

.122189 

.121962 

.121199 

.121167 

65-75 

.0909134 

.415608 

.425992 

.395105 

.394832 

75-85 

.1515098 

.722021 

.860283 

.659260 

.657999 

85  and  i 
apw'ds  1 

.2661784 

1.162896 

1.15599S 

*  This  value  was  calculated  by  a  process  described  in  the  preceding  paper,  firom 
population  under  age  5 ;  from  deaths  for  the  intervals  of  age  0-1,1-3,  and  3  -  5 ; 
and  from  the  rate  of  annual  increase  of  births  estimated  from  registered  births  for 
the  six  years  1836  -  41. 
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Table  cohpabiko  Logabithims  of  Pbobabilities  of   Subyitino,  com- 
puted BT  DIFFBBENT  methods. 
Deaths  {Seven  Years)  1838-44. 
Population  computed  to  Middle  0^1841. 

Ninth  Rep.  Reg.-Gen.,  pp.  176,  177. 


Ages 

Ratioof 
Deathato 
Population. 

MOBTALITT. 

Common  Logarithm,  with  ehaoged  Sign,  of  tha  Probability  that  one  llying 
at  the  EarUer  Age  in  each  Interral  will  attain  the  Later. 

iHTiaRAL. 

AppBozxxAn. 

m 

-Xp 

,           ft-a 

-(h-a)ti.m 

DapUcate 
Valnee, 
each  from 
itoocon- 
0ecntiT6 
RaUoe. 

Mean  of 

the 

DapUcate 

YaloM. 

1  +  m    2 

A 

B 

C 

D 

E 

0-  1 

1-  2 

2-  3 

3-  4 

4-  5 

5-10 
10-15 
15-25 
25-35 
35-45 
45-55 
55-65 
65-75 
75-85 
85-95 
95-  + 

.1792379 
.0654971 
.0351076 
.0250056 
.0184203 
.0091272 
.0052572 
.0081967 
.0098929 
.0124582 
.0165886 
.0295429 
.0622301 
.1374474 
.2842092 
4146003 

.077265 
.028133 
.028379 
.015206 
.015235 
.010850 
.010854 
.007995 
.007998 
.019686 
.019789 
.011397 
.011425 
.035723 
.035643 
.043033 
.043045 
.054239 
.054261 
.072341 
.072636 
.130216 
.130452 
.283777 
.278012 
.718169 
.649789 
1.127822 

.073073* 

.028256 

.015220 

.010852 

.007997 

.019738 

.011411 

.035683 

.043039 

.054250 

.072489 

.130334 

.280895 

.683979 

.078052 
.028455 
.015249 
.010860 
.006000 
.019823 
.011417 
.035618 
.042999 
.054176 
.072209 
.129249 
.279528 
.731961 

.078052 
.028455 
.015249 
.010860 
.008000 
.019820 
.011416 
.035598 
.042966 
.054105 
.072044 
.128313 
.270349 
.597869 
1.242716 
1.827064 

.077842 
.028445 
.015247 
.010860 
.008000 
.019819 
.011416 
.035598 
.042964 
.054105 
.072043 
.128303 
.270262 
.596926 
1.234305 
1.800586 

♦  This  yalue  was  derived  from  the  registered  births  for  the  eleven  years  1839  -  49, 
and  from  the  registered  deaths  under  one  year  of  age  for  the  ten  years  1840-49. 
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In  each  of  the  preceding  Tables,  column  A  gives  rates  of  annual 
MORTALITY  for  the  several  specified  intervals  of  age,  or  ratios  of  the 
average  numbers  annually  dying  in  the  community  within  the  speci- 
fied intervals  to  the  numbers  living  within  the  same  intervals,  estimated 
with  reference  to  the  middle  of  the  year  or  period  in  which  the  deaths 
occurred. 

Column  B  with  changed  signs  gives  the  common  logarithms  of  the 
probabilities  of  surviving  the  specified  intervals,  each  computed  from 
THREE  consecutive  ratios  in  the  column  of  mortality  by  a  process  de- 
scribed in  the  preceding  paper.  These  values,  which  we  designate 
integral  values,  may  be  assumed  without  appreciable  error  to  represent 
truly  the  results  demanded  by  actual  data,  and  with  them  may  be  com- 
pared approximate  values  obtained  by  simpler  processes. 

The  approximate  values  in  the  columns  C,  D,  and  E  were  each 
derived  from  single  ratios  in  A, 

The  values  in  C  were  each  obtained  by  first  multiplying  (m)  the 

annual  rate  of  mortality  by  (  I  half  the  number  of  years  in  die 

interval  of  age ;  then  finding  the  logarithm,  with  changed  sign,  of 
the  quotient  of  unity  less  this  product  divided  by  unity  plm  this 
product. 

The  values  in  D  were  each  found  by  multiplying  the  number  of 
years  in  the  respective  interval  by  the  logarithm,  with  changed  sign, 
of  the  quotient  of  unity  less  half  the  rate  of  mortality  divided  by  unity 
plus  half  the  rate. 

The  values  in  E  were  each  found  by  multiplying  the  mortality  by 
.4342945  (/*),  the  modulus  of  the  common  system  of  logarithms,  and 
by  {h  —  a)  the  number  of  years  in  the  respective  interval  of  age. 

Whenever  the  decrements  in  the  Life-Table  resulting  from  the  origi- 
nal data  are  constant,  the  corresponding  result  in  C  represents  the 
logarithm,  with  changed  sign,  of  the  probability  of  surviving  the  entire 
interval ;  that  in  D  represents  the  product  of  (5  —  a)  the  number  of 
years  in  the  interval,  multiplied  by  the  logarithm,  with  changed  sign,  of 
the  probability  of  surviving  the  middle  year  of  the  interval ;  and  that 

in  E  the  product  of  i— —  \  the  number  of  equal  moments  in  the  in- 
terval, multiplied  by  the  logarithm,  with  changed  sign,  of  the  proba- 
bility  of  surviving  a  moment  of  time  at  the  middle  of  the  interval. 
Whenever  the  decrements  in  the  Life-Table  are  increasing^  the  above 
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results  are  each  less  than  the  respective  logarithm ;  and  when  de» 
creasing^  greater. 

The  results  in  E  should  in  all  cases  be  somewhat  less  than  those  in 
2),  although  generally  the  approximation  is  so  close  that  values  in  E 
may  without  appreciable  error  be  substituted  for  those  in  C 

The  results  jn  D  are  likewise  less  than  corresponding  ones  in  C 

The  results  in  C  are  less  than  the  integral  values  in  B^  whenever 
the  decrements  between  the  proportions  surviving  at  equidistant  ages 
in  the  Life-Table,  derived  from  actual  data,  form  a  series  increasing 
with  the  age  ;  they  are  equal  to  them,  when  the  series  is  uniform,  and 
greater  than  truth  when  the  series  diminishes.  By  reference  to  the 
Prussian  Table  interpolated  for  annual  intervals,  we  observe  that  the 
decrements  diminish  from  birth  to  age  13 ;  increase  thence  to  age  65 ; 
and  again  diminish  to  the  age  terminating  the  Table. 

The  process  for  deducing  values  in  D  is  identical  with  that  adopted 
by  Dr.  Farr,*  in  briefly  calculating  approximate  Life-Tables.  After 
determining  from  values  so  obtained  the  proportions  of  the  living  at 
certain  ages,  he  assumed  that  the  proportions  within  the  several  inter- 
vals were  series  in  arithmetical  progression.t  It  is  not  unusual,  in 
framing  Life-Tables  from  population  and  mortality  statistics,  to  let 

— y— ^ —  equal  the  probability  of  surviving  the  middle  year  of  a  given 

interval,  then,  assuming  some  law  of  relation,  to  determine. values 
for  intermediate  ages.  Results  so  deduced  will  commonly  represent 
the  probability  of  living  for  a  large  part  of  life  somewhat  greater 
than  truth  demands. 


C«  Pbocebs  fob  deducing  accurate  Atebagb  Dubation  of  Life, 
Fbesekt  Value  of  Life- Annuities,  and  otheb  useful  Tables  in- 
volving Life-Contingencies,  fbom  Kbtubns  of  Population  and 
Deaths,  without  the  Intebvention  of  a  Genebal  Inteepolation. 

The  logarithms  of  the  proportions  surviving  at  certain  ages  (X  L^) 
are  obtained,  by  successively  adding  to  the  logarithm  of  a  number  as- 

♦  To  this  distinguished  writer  the  science  of  vital  statistics  is  largely  indebted 
for  ralaable,  extensive,  and  varied  contributions, 
t  Fifth  Report  Reg.-Gen.  Eng.,  p.  362. 
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sumed  living  at  birth,  or  other  specified  age,  the  logarithms  of  the 
probabilities  of  surviving  subsequent  intervals.  Processes  for  accu- 
rately and  for  approximately  determining  the  logarithms  of  the  prob- 
abilities of  surviving  have  been  indicated  in  the  previous  papers. 

Average  future  duration  (or  expectation)  of  life  (£«)  expressed  in 
years  for  any  age  {x)  may  be  obtained  by  multiplying  by  the  differ- 
ential of  the  age  {d  x)  the  integral  of  the  proportions  surviving  within 

the  limits  of  the  given  age  and  of  the  greatest  tabular  age  (J^    L,h 
and  dividing  the  product  by  the  proportions  living  at  the  given  age. 
That  is, 

IP        d  xj ,    L, 

£,  =  — i-    , 

in  which  105  is  assumed  the  greatest  tabular  age. 

A  close  approximation  to  this  value  may  be  found  by  dividing 
(S,  ix  =  ix  +  Ljp+ 1  +  . . . .  L105)  the  sum  of  the  proportions  liv- 
ing at  the  given  age  and  at  each  subsequent  anniversary  by  (i,)  the 
proportions  living  at  the  given  age,  and  from  the  quotient  deducting 
the  half  of  unity  ;  that  is, 

E,=  ^^ i,  nearly. 

Tha  latter  is  the  more  common  process. 

The  formula  expressing  the  value  of  a  life-annuity,  or  the  present 
value  of  one  dollar  payable  at  the  end  of  each  year  during  the  re- 
mainder of  the  life  of  the  annuitant  after  attaining  a  given  age,  is 

in  which  ©  is  the  present  value  of  one  dollar  due  one  year  hence  at 
a  given  rate  of  interest 

This  expression  may  readily  be  converted  into  the  well-known 
symmetrical  form 

Lxt;'  ~'^ 

which  equals 

Lx  V-  +  Lx+ .  t^'+^+^>^2^'^'+»»»>^.06t>^°'        , 
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Given  (Lq,  Li,  Irs,  &c.)  the  proportions  bom,  and  surviving  ages 
1,  3,  5,  14,  25,  35,  45,  55,  65,  75,  and  85,  according  to  the  law  of 
mortality  prevailing  in  Prussia ;  required  corresponding  average  future 
duration  of  life,  life-annuities,  and  premiums  annual  and  single. 

In  order  to  determine  values  for /^  L,  and  2j  £«»*,  some  law 
of  relation  must  be  supposed  to  exist  between  the  known  values  of 
each  of  the  functions  Lx  and  Lg  v* ;  and  this  law  obviously  should 
represent  numbers  diminishing  with  advancing  age. 

The  law  may  either  be  expressed  by  a  single  formula  (as,  for  in- 
stance, the  algebraic  of  the  eleventh  order),  or  by  a  series  of  distinct 
formulsB.  In  consequence  of  the  veiy  great  arithmetical  labor  in* 
volved  in  its  practical  application,  it  will  not  often  be  thought  desirable 
to  adopt  a  single  formula. 

When  the  known  values  are  equidistant,  n  being  the  number  of 
years  in  each  interval,  let 

-S,  =  L,  +  Z,+,  +  i.+a.  +  ...., 
and 

Sx  =  L,v*  +  £.+„»•+"  +  L.+8,i?'+«"  +  ....; 

then  will 

and 

Formulae  which  express  laws  of  relation  supposed  to  exist  between 
four  given  values  we  style /{mr-;poin<  formuUe;  and  so  for  any  other 
number  of  given  values. 

The  solution  o£ihe  four-point  algebraic  equation 

in  which  a,  /3,  y,  d  are  unknown,  and  independent  of  the  variable  (a?), 
may  assume  several  forms ;  one  of  the  more  convenient  of  which 
for  our  present  purpose  is 

X  —  d 


J=B| 


in  which 


^a—d   I 
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fj. 


C  —  B      B  —  A}      1 

[  c —  b         b  —  aS  c  — 

:n—C       C  —  B)      1 


c  —  a 

''^"  <(f—  c  c  — J  U  — J' 

and  -4,  a,  B,  ft,  C,  c,  2),  i,  are  known  corresponding  values  of  the 
co-ordinates  Xy  x. 
Then  will 

(  d  —  i  b-^c  ^ 

in  which  H  is  substituted  for 


7> 


Also, 

C  — 
2 

^+s; 

:^='-i 

-\C  +  E 

:+(,, 

If  the  terms  be  e 

equidistant, 

that  is,  if 

d  —  c  = 

^c  — *  = 

b  —  a, 

H  becomes 


C+B—D+A 

12 

Then 


+s:^=^1o+«+5±«-^si(,_j,)j. 


The  three-point  exponential  formula 

a,  i3,  and  y  being  unknown,  and  independent  of  the  variable  x,  m^T 
take  the  form 
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j»— —1' 
in  which 

q'——  1  _  C  —  A 
^'^=^^^1~  B—A  * 

whence  may  be  determined  the  value  of  q. 

Q  is  the  Napierian  logarithm  of  q. 

When  the  terms  are  equidistant,  i.  e.  c  —  5=3  —  a 

1 


y  c— -B 


+^^\^-^^,\ 


-(feD-- 


1        ft  — a 
and 


^  B  —  A 


B  —  A  B  —  A' 


^*-«_l-  C  —  B  —  B  —  A' 

fM,  is  (.4342945)  the  modulus  of  the  common  system  of  logarithms. 

When  the  terms  are  not  equidistant,  the  application  of  the  expo- 
nential function  involves  the  resolution  of  equations  of  higher  than  the 
first  degree. 

The  three-point  parabolic  formula 

X=^a  +  p{x  —  aY 
may  hecome 

i=^+(i,-^)(j=D% 

in  which  

C  —  A  .  c  —  a 

5+1  =  ^^1^^ 
h  —  a 
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Then  will 


dx 


*  ^       1 ^    .    h  —  a.B  —  A 


Xx  =  b-aA  + 


and 


J*  '  g+1  g+1 

The  jfint^e  integral  of  {x  —  ay  advances  in  the  form  of  a  series^  no 
application  of  which  has  been  made  in  the  illustrations  which  follow. 

Of  the  functions  above  enumerated,  the  algebraic  will  commonly 
prove  the  most  simple  in  practice,  but  will  not  in  all  cases  satisfy 
the  conditions  required.  When  assumed  to  express  the  law  of  relation 
between  certain  known  values  of  the  function  L,  or  L,t>',  a  portion 
of  the  resulting  series  of  numbers  between  the  known  values  may 
increase  with  advancing  age,  rather  than  diminish. 

The  values  between  B  and  C,  derived  from  the  algebraic  formula 
assigning  a  law  of  relation  between  the  four  known  values  il,  By 
C,  and  D,  lie  letween  corresponding  duplicate  values  derived  from 
two  algebraic  formulee,  one  a  function  of  the  three  known  values 
il.  By  and  C,  and  the  other  of  the  three  values  B,  C,and  D.  When 
the  relations  of  the  known  values  to  each  other  are  such  that  the 
series  resulting  from  each  of  the  latter  formulae  diminish  continuously 
with  advancing  age  from  il  to  C  and  from  B  io  I)  respectively,  then 
that  portion  between  B  and  C  of  the  single  algebraic  series  con- 
necting the  four  values  -4,  B,  C,  and  D  must  diminish  continuously. 

The  series  of  values  resulting  from  the  algebraic  formula  assigning 
a  law  of  relation  between  the  three  known  values  A^  B,  and  C  will 

continuously  diminish  from  A  io  C  only  when ^    and ^ 

b  —  a  c  —  b 

j^   Q 

are  each  positive   and  greater  than     _^ ,    ;  or,  if  the  three  terms 

c—a 

(j^ ^\  -f 

-^ j^f  the  value  of  the  ratio  of  the  first 

differences  is  between  ^  and  3,  and  the  differences  themselves  nega- 
tive. Similar  relations  obviously  obtain  when  the  three  known  values 
are  B,  C,  and  D. 

Applying  this  test  to  the  Prussian  Life-Table,  we  first  find  that  the 
algebraic  function  assigning  a  law  of  relation  between  the  three  known 
values  does  not  completely  satisfy  the  conditions  for  the  proportions 
surviving  ages  0,  1,3;  3,  5,  14 ;  75,  85,  95 ;  and  85,  95,  105 ;  that 
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is,  for  the  extremes  of  the  table,  the  values  there  rapidly  diminishing ; 
and  also  for  ages  3,  5,  and  14,  where  there  is  a  great  disparity  in  the 
length  of  the  intervals  of  age.  It  will  hereafter  appear  that  eccen-, 
tricities  at  the  older  ages  may  be  disregarded  in  constructing  tables 
of  future  duration  of  life,  and  of  life-annuities,  without  materially 
afiecting  the  correctness  of  the  results  for  earlier  ages. 

TABLE  I. 

Aybbaoe  Future  Duratiok  of  Life  in  Prussia. 

Algebraic  Integration. 


Sum  of  (Li) 
the  Propor- 

1 

Proportio&B  Bom,  aod 
Living  at  Specified  Ages 

tions  Living 
at  the  given 
Age  and  at 
all  subse- 

Aggregate Number  of  Future  Years 

that  {L,)  the  Proportions 

surviving  Specified  Ages  wlU  live. 

Average 

Future 

Duration  of ; 

Life. 

in  Pnusia,  calculated,  bj 

quent  Ages 

1 

the  Integnl  Method, 

soecified. 

from  three  Conaecutiye 

Ratios  of  Deaths  to 

Popolation. 

7  )    ,   '^'x  +  '^X+IO  — ^X-10—  ^«-20 

L. 

1 

5 

+  .... 

12 

at 

L, 

Ages. 

69,916 

s. 

'^'/r^. 

E, 

69,916 

5 

364,916 

1464,249 

15 

63,748 

295,000 

2,626,778 

41.21 

25;59,159 

25 

59,159 

231,252 

2,012,408 

34.02 

35 

53,386 

35 

53,386 

172,093 

1,448,721 

27.14 

45 

46,488 

45 

46,488 

118,707 

948,047 

20.39 

55 

37,585 

55 

37,585 

72,219 

524,773 

13.96 

65 

23,706 

65 

23,706 

34,634 

215,941 

9.11 

75 

9,104.2 

75 

9,104.2 

10,927.6 

54,597 

6.00 

85 

1,726.7 

85 

1,726.7 

1,823.4 

5,847 

3.39     1 

95 

96.1 

96.7 

—          232 

105 

.64 

.64 

. 

In  the  preceding  table  the  first  of  the  columns  headed  Lx  gives  the 
proportions  surviving  certain  ages  according  to  the  law  of  mortality 
prevailing  in  Prussia*;  the  probability  of  surviving  each  of  the  several 
intervals  being  calculated  from  three  consecutive  ratios  of  deaths  to 
populations.  In  the  second  of  the  columns  headed  L^  the  values  for 
ages  95  and  105  were  computed  from  the  logarithms  of  the  propor- 
tions surviving  ages  65,  75,  and  85,  by  the  exponential  formula 
which  expresses  the  value  of  the  required  logarithms  in  terms  of  the 
age,  and  of  the  three  given  logarithms.  The  number  surviving  age 
15  (63,748)  was  obtained  by  assuming  an  algebraic  law  of  relation 
for  the  proportions  surviving  the /our  ages  5,  14,  25,  and  35. 
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The  next  column  (Sg)  gives  the  sum  of  the  proportions  suTViving 
the  given  age  and  all  subsequent  specified  ages. 

The  values  in  column  headed  dx   I       L^    give  the    aggregate 

number  of  future  years  of  life  that  the  proportions  surviving  given 
ages  will  enjoy,  according  to  the  prevailing  law  of  mortality,  and 
were  each  computed  from  four  equidistant  values  in  the  preceding 
column  (Sjc),  by  means  of  the  formula 

The  values  thus  obtained,  divided  by  the  corresponding  proportions 
living,  give  the  average  future  duration  of  life. 

We  have  already  called  attention  to  the  unsatisfactory  nature  of 
the  values  resulting  from  the  use  of  the  algebraic  formula  when  the 
given  numbers  rapidly  diminish,  as  in  the  Life-Table  after  about 
age  75 

Table  II.  will  compare  corresponding  results  obtained  by  different 
formulae  and  processes. 

In  the  third  column  of  Table  II.  the  integrations  were  effected 
by  the  exponential  formula  when  the  three  given  values  involved  in 
the  equation  were  equidistant ;  when  not  equidistant,  the  parabolic 
formula  was  adopted. 

The  parabolic  and  the  exponential  formulee  each  afford  results  that 
constantly  diminish  with  advancing  age. 

The  process  of  integration  by  the  algebraic  formula  involving  four 
known  values  is  the  simplest,  and  between  ages  15  to  75  is  entirely 
satisfactory ;  from  5  to  15,  and  from  75  upwards,  the  values  afforded 
are  not  so  reliable ;  and  from  95  to  105,  duration  of  life  is  represented 
as  negative. 

In  Table  IV.  we  observe  that  the  first  three  columns  of  average 
future  duration  of  life  present  results,  for  the  larger  part  of  life, 
almost  identical. 

Values  by  the  algebraic  formula  slightly  exceed  those  of  the 
following  column,  calculated  by  a  combination  of  parabolic,  expo- 
nential, and  algebraic  formulae.  The  excess  at  specified  ages  from 
15  to  55  inclusive  is  only  the  one-hundredth  part  (.01)  of  a  year,  or 
about  four  days. 
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TABLE  IL 

Comparison   of   Tsmporart    Aooregate   Future   Duration  of  Life, 
calculated  by  different  methods,  from  the  proportions  surviving 

ACGORDINO   TO  THE  PRUSSIAN  LiFE-TaBLE. 


I 

Ages. 

Proportioiui 

Born  alive, 

andSurriTing 

eertain  Ages. 

The  Aggregate  Number  of  Tears  of  Life  which  the  Proportions 

SurriviDg  at  the  Commencement  of  certain  Intervals  of  Age  wlU  enjoy 

daring  each  Interral. 

L. 

dx/r-L, 

2 

^,+,  +  ^. 

X 

2 

Parabolio  and  Exponential 

Algebraic 
Formuhfc. 

By  Annual 

Equldifferent 
Method. 

Duplicates. 

Mean. 

0 

1 

3 

5 

15 

25 

35 

45 

55 

65 

75 

85 

95 

105 

115 

100,389 

82,941 

73,637 

69,916 

63,748 

59,159 

53,386 

46,488 

37,585 

23,706 

9,104 

1,727 

96 

1 

0 

87,827* 
155,560* 
155,176 
142,992 
142,359* 
664,403*  ) 
666,802 
613,405 
615,410 
563,826 
563,581 
500,393 
500,836 
422,257 
423,648 
311,573 
306,973 
164,599 
155,807 

49,992 

45,211 

7,137 

5,688 

285 

209 

665,602 

614,407 

563,653 

500,614 

422,952 

309,273 

160,203 

47,601 

6,412 

247 

142,792 

656,124 

614,370 

563,687 

500,674 

423,274 

308,830 

161,341 

48,750 

6,081 

—      194 

91,665 
155,494 
143,251 
661,937 
616,016 
563,655 
500,322 
422,990 
311,376 
159,662 

47,769 

6,368 

228 

91,665 
156,578 
143,553 
668,320 
614,535 
562,725 
499,370 
420,365 
306,455 
164,050 

54,155 

9,115 

485 

A  comparison  of  the  results  in  the  third  column  of  Table  IV.  with 
those  arrived  at  by  a  general  interpolation  and  direct  summation  of 
the  proportions  surviving  each  anniversary  of  birth,  exhibits  a  differ- 


*  These  four  values  were  calculated  by  the  parabolic  formula;  the  other  values 
in  the  column  by  the  exponential. 
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ence  at  specified  ages  from  birth  to  age  85  inclusive,  that  in  but  one 
case  (at  age  65)  exceeds  three  one-hundredth  parts  (.03)  of  one  year, 
or  about  eleven  days. 

The  former  results  are  deemed  in  every  respect  as  satisfactory  as 
the  latter. 

We  observe  that  results  by  the  equidifferent  method  compared  with 
approved  results,  from  birth  to  age  45  inclusive,  are  usually  about 
one  tenth  of  a  year  in  excess  ;  and  that  for  ages  above  45  the  excess 
is  much  greater. 


TABLE   m. 

FuTDBB  Duration  of  Life  in  Prussia. 

The  Temporary  Future  Duration  of  Life  for  the  Proportions  Swrvivingf  was  computed  Ajf 
the  Parabolic  Formula  from  Birth  to  Age  1 ;  Exponential,  from  1  to  3  and  3  to  5 ; 
Mean  of  Parabolic  and  Exponential^  from  5  to  15  ;  Algebraic,  from  15  to  75;  and 
Mean  of  Exponential  DupUcates^from  75  to  105. 


Ages. 

Tempormry  Fatan 
Duration  of  Life. 

Fature 
DuntionofLife. 

ArangeTnUm 

X 

•i'/r'^. 

<"/r^. 

"^r-". 

0 

87,827 

3,678,033 

36.64 

1 

155,176 

3,590,206 

43.29 

3 

142,992 

3,435,030 

46.66 

5 

665,602 

3,292,038 

47.09 

15 

'    614,370 

2,626,436 

41.20 

25 

563,687 

2,012,066 

34.01 

35 

500,674 

1,448,379 

27.13 

45 

423,274 

^    947,705 

20.39 

55 

308,830 

524,431 

13.95 

65 

161,341 

215,601 

9.09 

75 

47,601 

54,260 

5.96 

S3 

6,412 

6,659 

3.85 

95 

247 

247 

2.57 

MATHEMATICS. 


95 


TABLE    IV. 
Comparison  of  Aterags  Future  Duration  of  Life. 
Computed^  hy  different  Processes-,  from  the  Prussian  Life-Table. 


PamboUo,  0-1; 

^«J?*°«  \* 

Ages. 

By  the 

Algebraic 
Formula. 

Mean  of  Parabolic  and  BxpoDential,6-15; 

Algebralc,16-75; 
Mean  of  Exponential  DupUcatee,75  - 106. 

By  Annnal 
Interpolation. 

within  each 

Interval  to  advance 

hy  an 

EquidiffererU 

0 

36.64 

36.66 

36.77 

1 

43.29 

43.27 

43.40 

3 

46.66 

46.63 

46.76 

5 

47.09 

47.06 

47.19 

15 

41.21 

41.20 

41.17 

41.28 

25 

34.02 

34.01 

34.02 

34.09 

35 

27.14 

27.13 

27.14 

27.24 

45 

20.39 

20  39 

20.40 

20.53 

55 

13.96 

13.95 

13.98 

14.21 

65 

9.11 

9.09 

9.03 

9.61 

75 

6.00 

5.96 

5.97 

7.00 

85 

3.39 

3.85 

3.82 

5.55 

95 

2.57 

2.37 

5.05 

TABLE   V. 

Value,  at  certain  Aobs,  of  One  Dollar  to  be  paid  at  the  End  of 
EACH  Year  during  the  Remainder  of  Life,  according  to  the  Prus- 
sian Life-Table,  with  Process  for  determining. 

Interest  of  Money y  Four  per  Cent.    Algebraic  Finite  Integration, 


i 

j  Ages. 

-^(rky 

?P.+^....+*S^ 

X^i,^ 

^'.       ' 

X 

L'. 

143,287 

-^+ST^. 

Llfe-Annnity, 
4  per  Cent. 

5 

57,466 

1     ^^ 

35,397 

85,821 

666,675 

18.33 

1     25 

22,192 

50,424 

384,260 

16.82         * 

!     35 

13,529 

28,232 

208,804 

14.93 

45 

7,959 

14,703 

103,448 

12.50 

55 

4,347 

6,744 

43,186 

9.44 

65 

1,852 

2,397 

13,115 

6.58 

75 

481 

545 

2,306 

4.29 

85 

61.6 

63.9 

133.6 

1.67 

95 

2.3 

2.3 

—        13  8 

105 

.01 

.01 

H=S',+  S'.+„  —  S-,.,,  —  »-._„ . 
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In  Table  V.  we  observe  that  the  ratios  of  the  first  difierences  of  the 

values  (L,  (r^i  )  in  the  second  column,  for  ages  65  and  over,  are 

not  within  the  required  limits,  ^  and  3,  and,  consequently,  that  the 
values  of  the  annuity  resulting  from  integration  by  the  algebraic  for- 
mulsB  are  to  an  extent  unsatisfactory. 

Had  the  integration  of  S's  for  the  older  ages  been  efiected  by  the 
exponential  formula,  the  following  would  have  resulted. 


Ages. 

-^-^sTs', 

Duplicates. 

Mean. 

55 
65 
75 
85 

(    43,539.1  ) 
]    42,671.2  J 

5    13,417.5) 
I    12,711.6} 

(      2,525.4  ) 
\      2,281.3 } 

•      (         233.3 ) 
}         188.2  } 

43,105 
13,065 
2,403 
210.8 

9.42 
6.55 

4.50 

1 

2.92 

1 

In  Table  VI.  the  values  in  the  third  column  corresponding  to  inter- 
vals between  ages  65  and  95  are  arithmetical  means  of  dupli- 
cate values  resulting  from  finite  integration  of  L'^  by  the  exponential 
formula.  The  value  opposite  age  95  is  a  single  value  similarly  ob- 
tained. 


Ages. 

65 
75 
85 

95 


Duplicate  Values  and  Mean. 

Dnplicatos. 


(  10,990.8  ) 
X  10,356.0  1 

(   2,312.6  ) 
1    2,076.1) 

f       229.4 ) 
X       183.0  i 


Single  Value. 

6.3 


Meui. 

10,673 
2,194 
206.2 

6.3 
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In  the  same  column  (the  third)  the  value  of  the  summation  from  5 
to  15  (455,694)  is  the  arithmetical  mean  of  a  result  (456,371)  derived 
by  integration  from  the  parabolic  formula  involving  values  in  the 
preceding  column  for  ages  3,  5,  and  15,  and  of  another  (455,017) 
obtained  by  finite  integration  from  the  exponential  formula  involving 
values  for  ages  5,  15,  and  25. 

The  remaining  values  in  that  column  were  obtained  by  the  finite 
integration  of  a  series  of  distinct  algebraic  formulae,  each  involving 

four  given  values  of  L,  (t-jt  )  • 

When  the  terms  in  the  second  column  (L'J  are  equidistant,  and 

the  intervals  unity ^  1  —  ( -)  in  the   expression  for  the  finite 

integral  of  the  algebraic  formula  becomes  zero^  and  the  correspond- 


ing values  in  column  third  become 


L',  +  L^.4.1 


2 

In  the  second  column  {L^v^  and  L^v*)  values  for  ages  2  and  4  were 
interpolated  by  means  of  the  exponential  formula  involving  values  for 
ages  1,  3,  and  5. 

The  value  of  the  life-annuity  (a,)  at  each  of  the  specified  ages  was 
obtained  by  dividing  the  corresponding  value  in  the  fourth  column  by 
that  in  the  second,  and  from  the  quotient  deducting  five  tenths  of 
unity. 

We  observe  that  annuities  from  age  15  to  45  inclusive,  according 
to  Table  V.,  and  for  subsequent  specified  ages  according  to  the 
modification  of  that  table  by  the  exponential  formula,  are  essentially 
identical  with  values  in  Table  VI.  at  corresponding  ages. 

Our  L'g  (constructed  according  to  Barrett's  method)  corresponds  to 
the  D,  of  Mr.  Grifiilh  Davies  and  later  writers.  Our  ^^^  V^  (or 
Sr*  iS',)  is  the  iV,  employed  by  Dr.  Farr  and  Mr.  Gray,  and  the 
iV,„i  of  Mr.  Davies,  adopted  by  Mr.  David  Jones,  Mr.  Jenkin  Jones, 
Professor  De  Morgan,  and  others. 

Unaugmented  annual  and  single  premiums  to  insure  $  100,  payable 
at  the  end  of  the  year  of  decease,  may  be  computed  by  the  formulse 
commonly  employed,  and  heading  the  respective  columns,  or  be  taken 
directly  from  Mr.  Orchard's  very  useful  tables  of  "  Assurance  Pre- 
miums." 
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TABLE    VI. 

Xifb-Aknuity,  with  Tables  pbsfabatobt  ;  also  Tables  of  XJkaug- 
MBKTBD  Annual  and  Single  Fbemiums  to  inbube  $100,  payable  at 
THE  End  of  thb  Yeab  in  which  Life  shall  tbbicinatb. 

Interest  of  Money  ^  Four  per  Cent  per  Annunu    Integration  by  different  Formvla. 


Life  Annuities, 

Pramimns 

4  percent 

c 

Annual. 

Single. 

/^ 

Ages. 

''{^S 

+ 
+ 

1 

+ 

=^" 

k 

:^" 

H 

Ml 

^x 

1 

e 
+ 

9« 

1 

w 

m-* 

+ 

1 

8 

X 

«. 

s 

0 

100,389 

90,070 

1,478,812 

14.23 

2.72 

41.42 

1 

79,751 

75,565 

1,388,743 

16.91 

1.74 

31.12 

2 

71,380 

68,422 

1,313,178 

17.90 

M5 

27.31 

3 

65,463 

63,236 

1,244,746 

18.51 

1.28 

24.96 

4 

61,010 

59,238 

1,181,520 

18.87 

1.19 

23.58 

5 

57,466 

455,694 

1,122,282 

19.03 

1.15 

22.96 

15 

35,397 

282,414 

666,588 

18.33 

1.33 

25.65 

25 

22,192 

175,456 

384,174 

16.82 

1.77 

31.46 

35 

13,529 

105,356 

208,718 

14.93 

2.43 

38.73 

45 

7,959 

60,261 

103,362 

12.49 

3.57 

48.12 

55 

4.347 

30,021 

43,101 

9.42 

5.75 

59.92 

65 

i;852 

10,673 

13,080 

6.56 

9.38 

70.92 

75 

481 

2,194 

2,407 

4.50 

14.34 

78.85 

85 

61.6 

206.2 

212.5 

2.95 

21.47 

84.81 

95 

2.3 

6.3 

6.3 

105 

.01 

Methods  for  determining  from  the  above  data  the  values  of  other 
single  life  benefits,  whether  uniform,  increasing,  or  decreasing,  either 
for  the  entire  period  of  life  or  for  limited  portions,  may  readily  be 
devised. 

So  also  methods  analogous  to  those  employed  in  framing  the  pre- 
ceding tables  may,  with  advantage,  be  adopted  in  constructing  tables 
that  shall  afford  facilities  for  the  ready  solution  of  questions  involving 
two  or  more  life  contingencies. 

We  now  wish  rules  for  determining,  by  brief  processes,  values  in- 
termediate between  those  already  obtained. 

Either  of  the  formulae  already  given  may  be  resorted  to  ;  of  which 
the  following  is  the  simplest. 
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X=A 


X  0  ,  X  —  c 

a  —  h  .  a  —  c 
X  —  a  ,  X  —  c 
h  —  a  .h  —  c 
X  —  a  .  X —  h 


a  .  c- 


h' 


Aj  a^  By  h,  and  C,  c  being  known  corresponding  values  of  the  co- 
ordinates X  and  X. 

The  algebraic  formula  involving  four  given  values  will  commonly 
affbrd  results  of  a  nature  entirely  satisfactory  within  the  usual  limits 
of  inquiry. 

Given,  -4,  a,  jB,  5,  C,  c,  and  D,  d,  corresponding  known  values  of 
Xj  X ;  required  values  intermediate  between  B  and  C.  If  the  given 
terms  be  equidistant,  and 

n==(f  —  c  =^  c  —  h  =  h  —  a, 
the  algebraic  formula  will  give  the  following :  — 

TABLE   Vn. 

Special  Formuue  fob  Intbrpolatioit,  involtino  Four  known  Equi- 
distant Yalubs  of  the  Function. 

Alffd>raic. 


Age*. 

X 

>  +  A« 

tV(9B+     C)  +  jrfJ,ff(3.9£+    C— 194  — IIB) 

A(8B  +  2C)+Ti^(     8B  +  2C—   6A—  4D) 

■iV  (7B  +  3  C)  +  jn,Vr  (3 .  75  +  3  C— 17il  — 13D) 

+  A» 

TV(6B  +  4C)+-nAnr(3.65  +  4C— 164  — 14D) 

+  A« 

J(    B+    C)+   tV    (        B+    C-      4-      D) 

+  A« 

iV(4B  +  6C)  +  tA^(3.4B  +  6C— 144— 16D) 

+  -^,F« 

A  (3B  +  7C)+7,V7  (3.35-1-7  C- 134  — 17 B) 

+A« 

T'^(2B  +  8C)-t-TT/W(     2B-I-8C—  44—   6D) 

»+A» 

tV(   B-|-9C)-|-jrfW(3.    5-I-9C-114-19D) 

ExAMFLS. —  Given,  unaugmented  annual  premiums,  from  Table 
VL,  corresponding  to  ages  15, 25,  35,  end  45  ;  required  the  premium 
for  age  28. 
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The  difference  between  ages  25  and  28  is  -^  of  (n)  the  interval  of 
age  from  25  to  35 ;  that  is  28  la  b  -\-  ^  n. 
Then 


in  which  -4,  5,  C,  and  D  equal  respectively  1.33,  1.77,  2.43,  and 
3.57. 

tV(7-B  +  3C)=    1.968 

3  (7  5  +  3  C)     =  59.04 
17il  +  13B      =69.02; 

Kequired  a  value  corresponding  to  age  40,  from  data  in  the  column 


headed -:^  + Si"  i'. 


The  formula  is 


and  the  given  values  are  for  ages  25,  35,  45,  and  55. 
B+  C  =  312,080, 

A-\-D  =  427,275 ; 
Z40  ==  148,840. 
Table  VII.  may  take  the  symmetrical  form  of 

TABLE   Vin. 

Special   Fosmuls  fob  Intebpoultion,  intolviko  Foub  known  Equi- 
distant Values  of  the  Function. 


Algebraic. 

Age8. 

X 

X 

A" 

An 
10" 

U9B+    C) 
A(85  +  2C) 
A(7B  +  3C) 
,i(65  +  4C) 

A(4B  +  6C) 
A(3B  +  7C) 
,'8(2B-|-8C) 
lU   5  +  9  C) 

f                                                                       \ 

9x1(3. 9jB+    C— 19il— IIJD) 

8x2(3.8  5  +  2C— 18il  — 122)) 
7x3(3.7B  +  3C— 17il— 132)) 
6x4(3.65  +  4  0— 16  il  — 142)) 

5x5(3.5  5  +  5C— 15il  — 152))^ 
4x6(3.45  +  6  0—144—162)) 
3x7(3.35  +  7  0  —  134  —  17  2)) 
2x8(3.25  +  8  0—124-185) 
1x9(3.    £  +  90—114-195) 
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And  generally,  when  the  four  terms  il,  B,  C,  and  D  are  equidistant, 


\c  —  x.x  —  b[S.{c—'xB-\'X—bC)  —  d—xA  —  x  —  aD2l. 

The  writer  is  not  aware  that  any  previous  attempt  has  been  made 
to  pass  by  direct  and  summary  processes  from  the  immediate  results 
of  actual  observations  to  solutions  of  monetary  and  other  practical 
questions  involving  life  contingencies,  as  accurate  and  reliable  as 
those  obtained  by  the  intervention  of  a  formidable  interpolation.  In 
view  of  the  large  and  rapidly  accumulating  mass  of  population  and 
mortality  statistics,  such  processes  seem  to  be  demanded. 

The  approximate  methods  heretofore  published  have  already  been 
adverted  to  ;  allusion  has  also  been  made  to  certain  formulae  adopted 
in  the  construction  of  theoretical  Life-Tables,  which  aflTord  facilities 
for  the  independent  formation  of  required  monetary  and  other  values. 

Note. — The  average  future  duration  of  life  forages  15,  25,35,45, 
and  55,  deduced  from  values  in  column  C,  on  page  82,  are  from  .1  to 
.2  of  a  year  less,  and  those  derived  from  values  in  column  E  are  from 
.2  to  .3  of  a  year  greater,  than  corresponding  durations  obtained  by 
more  accurate  methods.  Arithmetical  means  of  these  results  exceed 
the  true  values  by  about  .05  of  a  year.  By  giving  greater  compara- 
tive weight  to  values  deduced  from  C,  closer  approximations  will 
ensue. 


IL    ASTRONOMY. 


1.  A  SIMPLE  Method  of  correcting  the  common  Nautical  Method 
OF  "  Double  Altitudes  "  of  the  Sun,  Moon,  or  a  Planet, 
for  the  Change  of  Declination  between  the  Observations. 
By  Professor  W.  Chauvenet,  of  the  U.  S.  Naval  Academy. 

Navigators  who  employ,  for  determining  their  latitude,  two  alti- 
tudes of  the  sun,  moon,  or  planet,  usually  assume  the  declination  as 
invariable,  and  equal  to  the  declination  at  the  middle  instant  between 
9* 
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the  two  observations ;  and  are  content  with  the  result  thus  obtained. 
When  greater  accuracy  is  desired,  either  the  complete  rigorous  pro- 
cess of  spherical  trigonometry  must  be  employed,  or  a  correction  must 
be  applied  to  the  abridged  process.  The  latter  course  is  followed  by 
Bowditch  in  what  he  gives  as  his  Third  Method  of  Double  Altitudes, 
This  method  consists  in  applying  a  correction  to  one  of  the  altitudes, 
and  employing  the  declination  belonging  to  the  other  altitude  as  the 
constant  declination  ;  and  to  find  the  correction,  he  gives  a  table  with 
three  arguments,  which  is  very  embarrassing  to  the  practical  seaman. 
The  method  I  propose  supposes  the  computation  carried  through  by 
the  common  process,  employing  the  mean  declination ;  and  to  the  re- 
suiting  latitude  thus  found,  a  small  correction  is  applied,  to  compute 
which  only  two  logarithms  are  required  to  be  taken  from  the  tables  in 
addition  to  those  previously  employed.  In  order  to  show  clearly  how 
this  correction  is  to  be  obtained,  it  will  be  necessary  to  recapitulate  the 
formulae  which  are  the  analytical  expression  of  the  well-known  method 
given  by  Bowditch  as  his  First  Method,  Putting 
h  =  first  altitude, 
h'  =  second  altitude, 
d  =  mean  declination, 

X  =  difference  of  the  hour-angles  of  the  body  at  the  two  observations, 
^=  approximate  latitude, 

these  formula)  are, 

sin  A  =  cos  d  sin  I  X ; 

sin  jB  =  sin  d  sec  A ; 

_  cosH^  +  ^QsinH^-^O . 
^'"^  ^  -  S5^  ' 

..«  7       8inJ_(A  +  A')  cos  i  (h  -  h') . 
cos Z  = ^-^  ^— -^  , 

sin  <f>  =  cos  C  sin  {B  -}-  Z). 

Now  to  correct  the  value  of  <f>  thus  obtained,  let 

<fi'  =  true  latitude  =  <^  -}"  ^  ^  5 
then  I  find, 

__  _   ^  A^sinC 
^  "~        cos  <^  sin  J  X  ' 

in  which  A  b  represents  the  change  of  declination  between  the  two  ob- 
servations.    In  the  computation  of  <j)  we  have  already  the  logarithms 
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of  sin  C  and  sin  |  X,  so  that  we  have  only  to  take  from  the  tables  the 
logarithms  of  |  A  d  and  cos  0.  It  may  be  necessary  to  observe  to  the 
practical  computer,  that  attention  must  be  paid  to  the  sign  of  sin  C, 
which  will  be  negative  when  the  second  altitude  is  the  greater ;  and 
also  that  A  d  here  expresses  the  increase  of  declination,  towards  the 
north,  from  the  first  to  the  second  observation,  so  that  the  sign  of  the 
correction  must  be  changed  when  the  body  is  moving  towards  the 
south.  All  the  cases  of  sign  are  covered  by  the  following  simple 
rule :  — 

When  the  second  altitude  is  the  greater^  apply  the  correction  to  the 
approximate  latitude  as  a  northing  or  a  southing,  according  as  the 
lody  is  moving  towards  the  north  or  the  south.  When  the  first  alii- 
tude  is  the  greater^  apply  the  correction  as  a  southing  or  a  northing, 
according  as  the  body  is  moving  towards  the  north  or  the  south. 

It  is  proper  to  observe,  that  this  mode  of  correcting  may  with  suf- 
ficient accuracy  for  nautical  purposes  be  extended  to  cases  where  the 
difference  of  declinations  is  two  or  three  degrees,  and  therefore  occa- 
sionally to  the  case  where  two  different  bodies  are  observed,  provided 
their  declinations  do  not  differ  by  more  than  that  quantity. 

Finally,  when  the  sun  is  the  body  observed,  our  formula  gives  the 
correction  in  all  cases  within  1",  and  therefore  with  all  the  precision 
required  in  the  most  precise  determinations  on  shore  with  the  sextant 
and  artificial  horizon. 


2.   On  a  Method  of  Determining  the  Latitude   of  a  Place 

FROM   THE   observed  TiMES  WHEN   TWO  KNOWN   StARS   ARRIVE   AT 

THE  SAME  Altitude.    By  Professor  W.  Chauvenet,  of  the  U.  S. 
Naval  Academy. 

The  true  sidereal  times  when  two  stars  arrive  at  the.  same  altitude, 
and  the  right  ascensions  and  declinations  of  the  stars,  are  data  suffi- 
cient to  determine  the  latitude  of  the  place  of  observation,  the  altitude 
itself  remaining  wholly  unknown. 

Gauss's  method  of  finding  both  the  latitude  and  the  clock  correction 
from  the  observed  clock  times  when  three  stars  arrive  at  the  same  alti- 
tude is  well  known,  but  I  cannot  find  that  any  one  has  examined  the 
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case  where  two  stars  are  thus  observed,  and  the  clock  correction  is  at 
least  approximately  known,  though  it  has  very  probably  occurred  to 
others.  Any  method,  however,  which  will  enable  the  observer  with  a 
sextant  to  be  independent  of  the  errors  of  his  instrument,  deserves  to 
be  considered.  In  determining  the  latitude  by  meridian  observations 
with  the  sextant,  it  is  usual  to  select  stars  which  culminate  at  nearly 
the  same  zenith-distance  north  and  south.  The  mean  of  the  latitudes 
found  from  a  pair  of  stars  so  selected  will  be  nearly  free  from  errors 
arising  from  the  eccentricity  of  the  sextant  and  the  imperfect  adjust- 
ment of  the  glasses,  and  from  the  imperfection  of  our  refraction  tables, 
but  will  still  be  liable  to  the  accidental  errors  of  division  of  the  limb. 
If  we  confine  the  observations  to  the  meridian,  we  can  never  be  entirely 
free  from  these  sources  of  error,  except  when  the  zenith-distances  of 
the  two  stars  are  absolutely  equal,  a  condition  which  can  never  be  sat- 
isfied in  practice.  Since  we  are  limited  in  sextant  observations  to  the 
use  of  bright  stars,  it  oAen  happens  that  no  suitable  pair  of  stars  can 
be  found  whose  meridian  zenith-distances  differ  by  less  than  ten  or  fif- 
teen degrees,  in  which  case  only  an  imperfect  compensation  of  errors 
must  result.  But  by  observing  one  or  both  of  the  stars  oflf  the  merid- 
ian, we  can  take  them  at  exactly  the  same  altitude,  and  thus  eliminate 
all  the  errors  just  alluded  to.  At  the  same  time,  however,  we  intro- 
duce another  source  of  error  in  their  stead,  namely,  imperfect  knowl- 
edge of  the  time.  A  discussion  of  the  formulas  (which  are  very  sim- 
ple) required  in  the  reduction  of  these  observations  will  serve  to  show 
that  this  new  source  of  error  is  much  less  to  be  feared  than  the  others, 
and  therefore  we  can  claim  for  the  method  a  decided  advantage  so 
far  as  relates  to  the  elimination  of  instrumental  errors  and  errors  of 
refraction.     Let 

<r,  cr'  =  true  sidereal  times  of  observation, 

a,  a'  =  right  ascensions  of  the  two  stars, 

d,  d'  =  declinations  of  the  two  stars, 

/,  t'  =  hour-angles  of  the  two  stars, 
h  =  altitude  of  either  star, 
^  =  latitude  of  the  observer ; 

then,  the  hour-angles  being  found  by  the  equations 
t  =:  tr  ^-'  a^  t'  =z  a^  -"^  a'^ 

we  have  for  the  two  stars 
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sin  A  =  sin  ^  sin  d  -\-  cos  0  cos  d  cos  <, 
sin  A  =  sin  0  sin  b'  -}-  cos  ^  cos  b'  cos  ^^ 
Subtracting  the  first  of  these  equations  from  the  second,  we  find 
tan  <fi  (sin  ^  —  sin  d)  =  cos  d  cos  t  —  cos  d'  cos  t*  = 

J  (cos  d  —  cos  d')  (cos  t  +  cos  /')  -f-  i  (cos  ^  -f"  cos  d')  (cos  t  — cos  t^)  ; 
and  resolving  the  sums  and  differences  into  products  by  the  usual  for- 
mulae of  trigonometry,  we  readily  deduce 

tan  0  =  tan  J-  (d'  -f-  d)  cos  J  (f  +  t)  cos  J  {f  —  t) 
.       -f  cot  J  (y  —  d)  sin  ^  {f  -f-  0  sin  ^  {f  —  /). 

To  facilitate  the  computation  of  this  formula,  let  the  auxiliaries  A 
and  B  be  found  by  the  conditions, 

Asia  B  =2  sin  i  {f  —  t)  cot  ^  (3'  —  d) ;  /  ^  v 

AcosB  =  cosi  (^'  —  0  tan  i  {d'  +  d) ; 
then  we  have, 

tan  0  =  il  cos  [J  («'  -f-  0  —  ^].  (2.) 

These  simple  formulae  occur  also  in  the  method  of  finding  both  time 
and  latitude  from  three  stars  according  to  the  method  of  Gauss  above 
mentioned.  But  if  one  of  the  stars  is  on  the  meridian,  (and  this  case 
would  naturally  be  preferred,)  we  can  resort  to  a  still  more  simple 
method  of  reduction.  For  if  we  have  t'  =  0,  our  fundamental  equa- 
tions, under  the  form, 

sin  h  =  cos  {(f>  —  d)  —  2  cos  (f>  cos  d  sin'  ^  /, 
sin  h  =  cos  (0  —  d'), 
give 

sin[H«  +  «0-«]=      sini(a'-«)'   ' 
or,  for  practical  use, 

cos  0  cos  d  sin' i  «  ^.      , /^,  ,    »v 

^'^y=    sin i (a'-a)    '       *  =  *(«'  +  «) - >» 

to  compute  which  an  approximate  value  of  the  latitude  must  be  known. 
To  discuss  the  effect  of  errors  in  the  time,  let  AT  denote  the  (side- 
real) clock  correction,  which  may  be  assumed  to  be  the  same  at  both 
observations,  the  rate  being  duly  allowed  for.  If  then  T  and  T'  are 
the  clock  times  of  the  observations,  the  errors  in  the  hour-angles  will 

be 

dt  =  dT  -{-d.AT, 

dt'=  dT'\'d.AT\ 
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where  dT  nnd  dT'  are  the  errors  of  observation,  and  (i .  AT  the  error 
in  the  clock  correction.  We  shall  have,  by  differentiating  our  funda- 
mental equations, 

dh  =  — cosil  d<f)  —  cos<^  sin -4  (15  dT) — cos  ^  sin ^  (15<£.  AT), 
dA'n:— cosil'd<^  — cos08inil'(15dT')— cos«^sin-A'(15ef.AT), 

in  which  A  and  A'  are  the  azimuths  of  the  stars  reckoned  from  the 
south  point.  In  these  equations  we  may  put  dh  =  dh'^  differences  of 
altitude  having  been  already  eliminated,  and  we  shall  find,  by  taking 
the  difference  of  the  two  equations, 

d<l>_  __  siuil  sin  A'        ' 

i5  cos  (fi  cos  A  —  cos  A*         '    cos  A  —  cos  X' 

sin  A'  —  sin  A 
'T'c'^A  —  cosA'^'^^' 

The  coefficient  of  i .  AT  is  equal  to  cot  i  {A'  +  -^)»  which  becomes 
zero  when  ^  {A'  -\-  A)  =  90**,  that  is,  when  the  observations  are 
equally  distant  from  the  prime- vertical.  The  coefficient  of  dT  is 
equal  to 

_  sin  j1 

2  sm  f^^Af sm~Y(A'  ^^^) ' 

which  becomes  zero  when  the  stars  are  both  observed  on  the  meridian 
with  a  difference  of  azimuth  of  180°.  Hence,  errors  of  observation 
and  in  the  clock  correction  are  the  smaller,  the  nearer  the  stars  are  to 
the  meridian,  one  north  and  the  other  south  of  the  zenith. 

The  coefficient  cot  J  {A'  +  A)  will  have  the  same  numerical  value, 
but  with  opposite  signs,  if  the  same  stars  are  observed  on  both  sides  of 
the  meridian.  The  mean  of  two  results  obtained  from  the  same  pair 
of  stars  observed  on  each  side  of  the  meridian,  will  therefore  be  en- 
tirely free  from  the  effect  of  a  small  error  in  the  clock  correction. 
This  is  an  important  remark  in  relation  to  a  method  proposed  to  be 
carried  out  with  the  sextant  alone. 

For  the  star  very  near  or  on  the  meridian,  an  error  in  the  observed 
time  will  generally  produce  but  an  inappreciable  effect.  But  for  the 
star  off  the  meridian,  if  we  put  A'  =  180®,  we  have 

^d(b  =  _^^^*^^"  .  (iT  =  — cos6taniil(iT. 

If  we  suppose  an  error  of  1'-  in  the  observed  time,  and  that  the  stars 
are  selected  so  that  the  azimuth  of  the  star  off  the  meridian  is  not 
more  than  15°,  this  formula  gives 
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d  ^  =  —  1".96  COS  «^. 

We  see,  then,  that  the  errors  to  which  this  method  is  liable,  when  it  is 
judiciously  applied,  are  far  within  the  unavoidable  errors  resulting  from 
the  small  optical  power  of  the  sextant  telescope.  It  is,  however,  an 
objection  to  it,  that,  in  order  to  multiply  observations  on  the  same  stars, 
much  time  must  be  consumed  both  in  the  observations  and  in  the  com- 
putations. I  offer  it  chiefly  as  completing  in  some  degree  the  methods 
available  with  the  sextant,  and  as  being  (so  far  as  I  am  aware)  the 
only  method  which  is  wholly  free  from  the  errors*  of  that  instrument. 
It  may  occasionally  enable  an  observer,  possessed  of  only  a  very  poor 
sextant  and  a  tolerably  good  watch,  to  obtain,  nevertheless,  very  accu- 
rate results. 

The  method  may  be  applied  also  with  the  zenith  telescope,  the  in- 
strument by  which  the  very  accurate  determinations  of  latitude  have 
been  made  on  the  Coast  Survey.  In  this  case  we  could  not  observe 
the  two  stars  at  absolutely  the  same  altitude,  but  would  have  to  take 
into  account  the  slight  difference  of  altitude  shown  by  the  level  read- 
ings in  the  two  positions  of  the  instrument.  This  is  easily  done,  and 
with  great  accuracy.  By  observing  the  same  stars  at  different  places, 
differences  of  latitude  are  found  almost  wholly  free  from  the  errors  of 
the  catalogue  places  of  the  stars  ;  with  the  advantage  over  the  method 
of  observing  with  the  zenith  telescope  only  in  the  meridian,  that  greater 
differences  of  latitude  may  be  measured,  and  without  the  use  of  the 
micrometer ;  or,  if  the  micrometer  is  used,  by  confining  the  observa- 
tions to  the  vicinity  of  the  middle  of  the  field.  This  will  be  obvious 
to  any  one  acquainted  with  that  instrument.  But  whether  this  advan- 
tage would  compensate  for  the  sacrifice  of  time  and  trouble  which  the 
method  demands,  is  doubted  by  the  experienced  observers  of  the  Coast 
Survey,  to  whom  the  suggestion  has  already  been  made,  through  the 
able  head  of  that  work.  I  do  not  think  it  necessary,  therefore,  to  de- 
velop here  the  modifications  which  the  method  would  require  in  such 
applications ;  especially  as  they  are  mostly  of  such  a  nature  as  to  occur 
to  any  observer  experienced  in  the  use  of  the  zenith  telescope.  I  will 
only  remark,  that  the  method  I  propose  may  be  applied  with  an  alt- 
azimuth, theodolite,  or  universal  instrument,  or  any  instrument  which 
is  provided  with  a  level  arranged  in  such  a  manner  that  it  may  be 
clamped  at  any  angle  with  the  axis  of  the  telescope,  and  which  permits 
a  rotation  of  the  telescope  afid  level,  thus  clamped,  around  a  vertical 
axis. 
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3.  On  A  New  Method  of  Measuring  Celestial  Akcs.    By  Al- 
VAN  Clark,  of  Cambridgeport. 

Not  a  year  has  yet  elapsed  since  it  occurred  to  me,  that  an  inde- 
pendent movable  eye-piece,  of  high  magnifying  power,  for  each  image, 
might  be  applied  with  advantage  in  micrometrical  measurements  of 
celestial  objects.  On  giving  the  subject  a  careful  inspection,  I  won- 
dered if  a  plan  so  natural  and  simple,  and  which  promised  so  excel- 
lently to  my  own  mind,  could  have  escaped  the  attention  of  others. 
On  due  inquiry,  I  found  it  was  really  so.  With  the  assistance  of  my 
two  sons,  an  instrument  of  six  inches'  aperture,  with  a  focal  distance 
of  103  inches,  has  been  already  made  and  mounted.  It  has  a  pen- 
dulum clock,  containing  Bond's  spring-governor,  acting  on  a  sector 
clamping  to  the  polar  axis,  which  gives  an  exceedingly  equable  motion 
to  the  telescope,  for  the  space  of  two  hours. 

I  have  thus  far  used  a  prism  with  the  eye-pieces,  while  observing,  as 
affording  a  more  comfortable  position.  Instead  of  the  spider-line 
micrometer,  I  made  a  cheap  dividing-machine,  for  graduating  strips 
of  glass,  with  a  finely  pointed  diamond.  The  screw  of  the  machine 
has  sixteen  threads  to  an  inch,  and  an  appropriate  circle  to  determine 
the  fractions  of  a  revolution.  Kept  by  the  ruling-machine  is  a  constant 
stock  of  blank  pieces  of  common  plate-glass,  about  four  inches  long 
and  three  quarters  of  an  inch  in  width.  There  are  clamps  for  holding 
such  a  strip  on  the  stage  or  carriage  of  the  ruling-machine,  and 
corresponding  springs  for  securing  them  under  the  eye-pieces  of  the 
telescope  at  the  proper  focal  distance.  In  procuring  an  observation, 
the  first  step  is  to  bring  the  two  images  to  the  centre  of  their  respec- 
tive fields,  with  the  driving  clock  at  work ;  then,  with  common 
dividers,  take  the  distance  between  the  eye-pieces,  which  are  adjusta- 
ble in  distance  to  fit  the  different  cases,  and  with  a  rule,  or  by  going 
directly  to  the  machine,  find  the  included  number  of  threads  upon 
the  screw ;  place  a  blank  glass  under  the  diamond,  cut  first  a  longi- 
tudinal line  through  the  centre,  then  two  cross  lines,  giving  the 
number  of  turns  to  the  screw  which  my  measure  with  the  dividers 
indicated  to  be  necessary  between  them.  This  glass  is  then  directly 
transferred  from  the  machine  to  its  place  under  the  eye-pieces  of  the 
telescope,  and  the  lines  compared  with  the  stars,  by  moving  the  eye 
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from  one  eye-piece  to  the  other  a  number  of  times.  If  the  space  be 
found  too  wide  or  too  narrow,  another  glass  is  ruled  in  about  two 
minutes  of  time,  with  an  estimated  allowance  for  the  errors  of  the  first 
in  the  reading  of  the  circle  upon  the  screw.  In  about  three  or  four 
trials  a  very  clode  approximation  is  obtained.  Here  two  persons  can 
be  employed  with  advantage,  in  turning  to  account  a  good  hour  for 
work ;  one  constantly  at  the  telescope  and  the  other  at  the  ruling- 
machme.  In  getting  a  series  of  measures  in  distance,  the  former  has 
no  reading  of  circles,  or  scales,  to  abstract  his  attention  or  occupy 
his  time.  His  only  duty  is  to  take  the  glasses,  one  after  another,  as 
furnished,  compare  the  distances  of  the  lines  with  that  of  the  stars, 
and  report  them  to  his  co-worker  at  the  machine,  who,  m  turn,  must 
number  and  keep  a  record  of  every  glass  he  rules.  He  should  also 
record  the  report  on  each  ruling,  at  the  time  it  is  given.  In  this  way 
great  expedition  is  secured,  and  by  keepmg  the  one  at  the  telescope 
uninformed  as  to  the  value  of  all  the  rulings  until  the  series  is  com* 
pleted,  obliging  him  to  pronounce  on  lines  slightly,  but  purposely,  mis- 
placed, without  a  possible  bias  of  judgment,  the  other,  knowing  by  his 
record  the  different  values  furnished,  is  able  to  form  a  very  correct  esti- 
mate of  the  accuracy  they  are  obtaining.  A  great  number  of  observa- 
tions, taken  in  this  way,  have  convinced  me,  that,  in  tolerable  states  of 
atmosphere,  it  would  be  impossible  for  the  one  at  the  machine  to  mis- 
lead the  assistant  at  the  telescope  two  tenths  of  a  second,  right  or  left, 
from  a  given  line.  Attempts  at  such  deceptions  I  have  made,  series 
after  series,  which  have  been  regularly  detected,  and  pointed  out, 
when  the  weather  has  afforded  any  middling  opportunity  for  such 
work,  even  with  this  small  instrument  In  these  cases,  none  of  the 
objects  have  been  less  than  thirteen  minutes,  and  in  one  instance  over 
fifty-five  minutes  distant. 

In  measuring  angles  of  position,  I  proceed  as  with  a  spider  line, 
only  employing  in  its  stead  a  diamond  line  upon  glass.  I  am  looking 
up  objects  where  the  two  are  as  nearly  equidistant  from  the  ecliptic 
as  possible,  and  preserve  my  rulings  for  future  use.  For  annual  par- 
allaxes, this  method  affords  peculiar  conveniences,  especially  where 
the  situations  of  the  objects  demand  measures  of  distance  rather  than 
angles  of  position.  No  question  relating  to  extent  of  field  has  any 
bearing  on  the  magnifying  powers  an  observer  may  wish  to  employ, 
and,  if  he  chooses,  he  may  use  a  high  power  upon  one  object  and  a 
10 
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low  one  upon  the  other,  at  the  same  time.  No  advantage  could  pos- 
sibly be  claimed  for  the  two  eye-pieces,  where  objects  are  so  near 
each  other  that  they  come  well  into  the  field,  of  a  suitably  high  power, 
with  one.  Carefully  conducted  and  many  times  repeated  experi- 
ments have  been  made  for  testing  the  accuracy  of  measures  taken  on 
distant  objects  with  the  two,  as  compared  with  those  taken  on  the 
most  favorably  situated  objects  with  one,  the  details  of  which  would 
here  be  needless.  But  I  will  state,  I  can  find  no  sensible  advantage 
in  the  one  over  the  other ;  and  if  I  were  seeking  a  close  agreement, 
in  a  great  number  of  triab,  I  should  certainly  resort  to  the  two  eye- 
pieces, for  all  distances  between  three  and  one  hundred  minutes.  A 
distortion  of  the  image,  more  or  less,  attends  the  different  distances 
from  the  optical  axis  of  the  telescope  which  the  spaces  to  be  meas- 
ured may  require,  though  it  is  nothing  seriously  objectionable,  in  in- 
tervals of  less  than  one  degree.  But  by  making  the  object-glass  on 
the  plan  of  a  camera-obscura  used  in  producing  daguerreotype  pic- 
tures, a  mastery  of  five  degrees  or  more  could  be  secured.  A  good 
driving-clock  is  an  important  appendage  to  an  equatorial  telescope,  in 
using  the  ordinary  filar  micrometer ;  and  it  will  be  evident  a  double 
necessity  for  it  exists  in  this  case.  I  would,  therefore,  again  refer  to 
the  spring-governor,  admitting  that  no  small  share  of  the  promise  at- 
tending this  primitive  efibrt  is  due  to  Mr.  Bond^s  improvement,  and  his 
kind  permission  to  use  it  in  my  clock.  When  first  explained,  a  favor- 
able opinion  on  his  part  was  expressed  upon  the  proposed  plan  of  ob- 
serving, which  encouraged  me  to  assume  the  responsibility  of  putting 
it  to  the  test,  by  direct  experiment.  Thus  have  I  incurred  toward  my 
excellent  friend  a  double  obligation,  in  connection  with  the  double 
eye-piece. 

The  observations  I  have  to  offer,  I  must  admit,  are  selected,  and 
were  made  with  great  care,  in  choice  states  of  weather ;  the  first  on 
the  evening  of  August  7th,  1856,  on  a  Ophiuchi  and  a  star  of  the 
eighth  magnitude  preceding;  the  other  on  a  Aquilee  and  a  fifUi 
magnitude  following,  upon  the  evening  of  August  10th,  1856.  In 
the  first  of  these  cases,  eight  observations  all  agree  to  within  less  than 
three  tenths  of  a  second,  and  in  the  other,  five  observations  agree  to 
within  less  than  two  tenths  of  a  second ;  yet  the  distances  are  such  that 
they  could  not  be  brought  into  the  field  of  a  suitably  high  power,  with 
common  micrometers,  to  be  measured  at  all.    The  observations  were 
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commenced  before  the  stars  reached  the  meridian,  and  closed  when 
about  one  hour  past,  in  both  cases,  so  that  refraction  would  make  but 
little  show  in  the  work.  What  might  be  expected  of  the  instrument, 
adequate  in  dimensions,  and  fitted  up  with  a  proper  outlay,  those  pro- 
fessionally Engaged  in  such  matters  should  be  able  to  judge.  My  op- 
tical experiments  and  labors  for  the  past  twelve  years  have  been  prey- 
ing upon  my  pecuniary  resources,  so  that  now  they  are  entirely  insuf- 
ficient for  so  great  an  undertaking,  whatever  might  be  my  ambition 
for  contributing  to  science,  or  serving  my  country.  Much  time  and 
careful  toil  have  been  bestowed  on  grinding  and  figuring  lenses,  and 
applying  them  to  the  search  of  the  heavens ;  and  though  the  pride  of 
my  heart  finds  its  aliment  in  pointing  to  a  number  of  exquisitely  fine 
new  telescopic  objects,  you  can  well  understand  they  have  not  ^'  put 
money  in  my  purse.''  But  not  the  discouraging  points  attending  some 
of  my  past  humble  enterprises,  nor  approaching  age  and  infirmity,  nor 
absence  of  needed  aid  in  giving  the  most  potent  form  to  this  novel 
method  of  making  astronomical  observations,  can  cause  me  to  dismiss 
it,  as  Dr.  Johnson  did  his  Dictionary,  "  with  frigid  tranquillity."  But  I 
am  now  planning  upon  methods  which  shall  be  convenient  and  effec- 
tive for  using  with  it  the  spider's  web.  And  if  I  judge  rightly,  for  a 
certain  class  of  measures,  it  will,  in  due  time,  be  regarded  as  ^^  a  more 
excellent  way." 


4.    The  Stability   of  Satellites  revolving  in  Small  Orbits. 
By  Daniel  Vaughan,  of  Cincinnati. 

The  modification  which  centrifugal  force  produces  on  the  form  of 
the  planets  and  the  gravity  at  their  surfaces  has  long  been  a  subject 
of  mathematical  inquiry ;  but  on  the  secondary  planets  a  much  great- 
er efiect  arises  from  the  unequal  attraction  of  the  central  body  on  their 
parts.  The  theory  of  the  tides  will  enable  us  to  calculate  the  result  of 
this  peculiar  action.  If  the  earth  could  exchange  orbits  with  Jupiter's 
nearest  satellite,  without  altering  its  time  of  rotation,  our  tidal  force 
would  become  nearly  twenty  thousand  times  as  great  as  it  is  at  pres- 
ent, and  a  succession  of  deluges  would  devastate  all  our  lands.    As  the 
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feeble  gravity  of  the  satellite  is  less  capable  of  restraining  the  distuib- 
ance,  the  commotions  would  be  more  dreadful  on  its  surface,  unless 
(as  astronomers  suppose)  the  rotation  keeps  pace  with  the  orbital  rey* 
olution,  so  that  the  same  side  is  always  directed  to  Jupiter.  This 
arrangement,  together  with  the  small  eccentricity  of  its  orbit,  must 
render  the  satellite  free  from  destructive  tides,  whatever  relation  may 
subsist  between  its  lands  and  seas. 

The  centrifugal  force  arising  from  a  rotation  once  ui  forty-two 
hours  and  twenty-seven  and  a  half  minutes  would  diminish  the  equa* 
torial  gravity  of  the  satellite,  by  its  ^i^  P^^ »  ^^^  Jupiter's  attraction 
would  produce  double  this  diminution  on  the  parts  of  the  surface  in 
conjunction  and  in  opposition  with  him.  The  latter  force  increases 
polar  gravity  about  one  half  per  cent,  and  accordingly  there  will  be  a 
difference  of  more  than  two  per  cent  between  the  weight  of  the  same 
body  at  the  poles  and  at  the  points  turned  to  the  primary.  The  devi- 
ation from  a  sphere  which  is  unavoidable  would  make  the  difference 
much  greater. 

If  the  same  satellite  were  only  one  fourth  of  its  present  distance 
from  Jupiter,  its  gravity  would  be  entirely  suspended  at  the  parts  of 
its  surface  in  conjunction  and  in  opposition  with  the  latter  body ;  and 
the  planetary  structure,  which  requires  the  action  of  gravity  in  eveiy 
direction,  could  no  longer  be  preserved.  Even  at  the  distance  of 
ninety  thouisand  miles  from  the  primary,  gravity  would  be  so  far  re- 
duced in  these  localities  as  to  render  the  satellite  unstable,  and  to  lead 
to  its  dismemberment.  While,  therefore,  the  laws  of  motion  do  not 
preclude  the  possibility  of  planets  having  matter  revolving  around 
them  at  small  distances  beyond  the  confines  of  their  atmospheres,  the 
conditions  of  equilibrium  will  render  it  impossible  for  this  matter  to 
exist  in  a  single  undivided  mass,  either  of  a  spherical  or  ellipsoidal 
form. 

The  rings  of  Saturn  furnish  an  instance  of  matter  revolving  around 
a  centre  in  a  region  so  dangerous  to  satellites.  While  many  astrono- 
mers have  been  alarmed  for  the  safety  of  this  planetary  girdle,  they 
have  overlooked  the  perils  to  which  a  satellite  would  be  exposed  if  it 
moved  in  so  small  an  orbit.  At  the  mean  distance  of  the  outer  ring, 
a  satellite  as  dense  as  Saturn  would  be  incapable  of  retaining  its  plan- 
etary form ;  nor  could  one  of  double  the  density  revolve  in  security  in 
the  space  which  the  centre  of  the  inner  ring  occupies.    If  a  resisting 
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medium  should  impede  celestial  movements,  each  satellite  would  finally 
reach  the  surface  of  its  primary ;  but,  before  arriving  there,  would 
undergo  a  dismemberment,  and  its  fragments  be  permitted  to  move 
in  independent  orbits.  It  may  be  shown,  however,  that  these  frag- 
ments would  ultimately  have  their  orbits  changed  to  circles ;  and  that 
they  would  acquire  and  retain  an  annular  form  in  their  revolutions 
around  the  central  body. 

The  existence  of  planetary  rings  seems  therefore  to  depend  on  their 
density  and  their  proximity  to  the  central  body,  whose  attraction  ren- 
ders it  impossible  that  satellites  could  be  formed  or  preserved  in  their 
immediate  vicinity.  There  is  also  much  reason  to  believe  that  the 
rings  of  Saturn  are  the  remains  of  two  former  satellites.  The  fact 
that  the  inner  edge  of  the  nearer  ring  has  been  constantly  approaching 
the  planet  since  the  time  of  Huyghens,  proves  that  this  appendage  can- 
not have  existed  for  a  long  time  in  its  present  condition ;  and  if,  as 
astronomers  calculate,  it  will  be  united  to  the  planet  before  a  century, 
the  fact  of  its  recent  origin  will  scarcely  admit  of  a  doubt.  We  may 
assert,  however,  with  more  confidence,  that  the  matter  composing  the 
rings  can  never  form  one  or  two  satellites. 


5.  On  the  Mebidian  Instbtjments  op  the  Dttdley  Observatory. 
By  Dr.  B.  A.  Gould,  of  Cambridge. 

Mr.  Gould  described  the  meridian-circle  and  transit-instrument, 
now  nearly  completed  for  the  Dudley  Observatory,  and  gave  some 
account  of  the  principles  adopted  in  their  constraction. 

The  meridian  instruments  now  in  use  in  the  several  observatories 
of  the  world  may  be  classified  in  two  divisions,  —  which  may  be  des- 
ignated as  the  German  and  the  English  styles,  —  and  perhaps  be 
justly  described,  the  one  as  the  instrument  of  the  engineer,  the  other 
as  that  of  the  artist.  For  the  former  the  circles  are  large  and  mas- 
sive, frequently  having  a  diameter  equal  to  the  entire  focal  length  of 
the  attached  telescope ;  in  the  latter  they  are  smaller  and  slighter. 
The  new  transit-circle  of  Professor  Airy,  at  Greenwich,  typifies  the 
English  style,  and  this  instrument,  with  its  counterpart  at  the  Cape  of 
10  • 
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Grood  Hope,  presents  the  merits  in  the  most  conspicuous  and  impreasiTe 
form.  It  is  of  iron,  cast  in  a  single  piece  ;  incapable  of  reversal,  for 
which  the  observation  of  collimators  is  substituted ;  without  a  striding 
or  hanging  level,  this  apparatus  being  superseded  by  observations  of 
the  meridian  thread  as  reflected  from  the  surface  of  mercury ;  the 
circle  is  eight  feet  in  diameter,  and  read  by  diverging  microscopes 
firmly  imbedded  in  a  massive  pier ;  and  the  pivot-forms  are  investi* 
gated  by  means  of  a  collimating  apparatus,  of  which  the  axis  of  rota- 
tion itself  forms  a  part. 

The  instruments  of  the  German  school  are  of  an  entirely  different 
order,  —  lighter  and  more  mobile.  Their  circles  are  small  in  com- 
parison with  the  length  of  the  tube ;  the  microscopes  are  supported 
upon  a  frame  concentric  with  the  axis,  and  form  one  system,  the  posi- 
tion of  which  is  known  by  means  of  an  attached  level,  whose  indica- 
tions furnish  a  correction  to  be  applied  to  the  mean  of  their  several 
readings.  The  level  is  used,  indeed,  whenever  its  use  is  possible,  and 
a  great  part  of  the  precision  of  the  results  of  observation  is  dependent 
upon  the  delicacy  with  which  this  highly  trusted  instrument  may  be  con* 
structed  and  used.  Frequent  reversals  of  the  instrument  are  deemed 
indispensable ;  and  in  general  the  structure  is  devised  with  a  view  to 
easy,  rapid  and  frequent  changes  in  the  relative  position  of  all  those 
parts  which  may  be  rendered  movable.  To  sum  up,  —  the  one  class 
of  instruments  is  designed  for  securing  absolute  uniformity  of  circum- 
stances in  all  observations  ;  the  other,  for  attaining  as  great  diversity 
of  circumstance  as  is  consistent  with  the  retention  of  the  same  degree 
of  accuracy. 

The  meridian-circle  for  the  Dudley  Observatory  has  been  ordered 
of  Messrs.  Pistor  and  Martins,  of  Berlin,  and  in  its  form  and  the  fun- 
damental principles  adopted  my  aim  has  been  to  avoid  the  prejudices 
of  education  and  the  prepossessions  of  taste,  and  if  possible  to  exercise 
an  eclectic  judgement,  using  however  the  greatest  care  to  shun  such 
a  composite  form  as  would  impair  the  unity  of  idea,  and  fail  of  the 
preponderant  merit  which  both  the  English  and  the  German  forms 
may  claim,  in  being  consistent  developments  of  their  fundamental 
idea. 

All  this  seemed  not  impossible,  nor  indeed  did  it  seem  beyond  at- 
tainment to  combine  with  such  an  eclectic  form  sundry  new,  and  by 
no  means  unimportant,  additions.    This  has  been  the  endeavor,  and  it 
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remains  to  be  seen  how  sound  may  have  been  the  foundation  for  these 
hopes  and  expectations. 

The  object-glass  is  from  material  furnished  by  Messrs.  Chance  Broth- 
ers, of  Birmingham,  and  made  under  the  supervision  of  Mr.  Masselin. 
It  was  my  earnest  desire  that  it  might  be  ground  and  worked  into  form  by 
some  one  of  our  own  accomplished  artists,  but  the  Berlin  mechanicians 
were  unwilling  to  entertain  any  proposition  of  the  kind,  —  desiring  to 
take  the  whole  responsibility,  if  any,  —  and  were  so  strenuous  that  I 
refrained  from  pressing  the  matter.  The  clear  aperture  is  ninety 
French  lines;  the  focal  length,  ten  English  feet 

Both  circles  are  divided,  and  capable  of  rotation  round  the  axis,  and 
they  are  read  by  means  of  four  microscopes  firmly  set  in  each  pier,  — 
horizontal,  not  converging,  although  the  divided  silver  limb  is  slightly 
oblique  to  prevent  the  dazzling  image  of  the  lamp  from  blinding  the 
observer's  eye.  The  piers  being  two  feet  in  thickness,  and  the  mi- 
croscopes read  from  the  outer  side,  these  microscopes  are  not  far 
from  twenty-five  inches  in  length,  —  a  circumstance  which  gives 
rise  to  various  not  unimportant  disadvantages ;  but  the  ingenuity  and 
skill  of  Mr.  Martins  have  surmounted  the  chief  of  these,  the  large 
amount  of  expansion  and  contraction  of  the  metal  due  to  changes  of 
temperature,  with  great  success,  by  leaving  the  metal  tubes  free  to 
extend  or  recede  without  hindrance,  and  without  affecting  either  the 
distance  of  the  lenses  or  their  fixity  in  the  stone. 

To  obviate  the  chief  disadvantages  of  attaching  the  microscopes  to 
the  piers,  namely,  those  arising  from  the  unequal  changes  in  the  piers 
themselves,  these  will  be  coated  with  oil,  or  some  other  preparation  for 
excluding  moisture,  wound  around  with  list  or  baize,  and  then  encased 
in  wood.  With  these  precautions,  I  am  very  confident  that  we  are 
justified  in  awaiting  from  this  more  massive  construction  greater  ad- 
vantages than  would  be  derived  from  the  metallic  connection  of  the 
microscopes,  although  continually  subjected  to  scrutiny  by  means  of 
the  attached  ether-level. 

The  circles  are  three  feet  in  diameter,  and  entirely  protected  on  the 
outer  side  by  the  piers.  They  are  of  the  form  which  long  experience 
has  recommended  to  Messrs.  Pistor  and  Martins  as  the  best,  —  not  too 
heavy  at  the  rim,  and  with  radial  arms  thickening  in  both  dimensions 
towards  the  centre.  The  screenrtubes  for  the  microscopes  draw  back 
automatically  as  soon  as  the  counterpoises  are  relieved  of  a  portion  of 
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their  burden,  and  it  is  thus  possible  to  have  them  very  close  to  the 
circles,  when  in  use,  without  incurring  any  danger  of  injuring  the 
graduation  when  the  instrument  is  lifted  for  reversal. 

The  eye-piece  has  a  vertical  as  well  as  a  horizontal  motion ;  and 
the  diaphragm,  which  is  of  course  adapted  for  chronographic  observa- 
tion, is  provided  with  both  a  horizontal  and  a  vertical  micrometer,  — 
the  former  being  especially  intended  for  the  observation  of  polar  stars, 
according  to  the  method  recently  adopted  in  the  Paris  Observatory, 
and  which  Professor  Bache  had  investigated  in  1849. 

The  method  of  Hansen  for  measuring  and  eliminating  the  effect  of 
flexure  comes  from  an  authority  too  high,  and  commends  itself  too 
strongly,  to  justify  us  in  lightly  setting  it  aside.  But  advantages  en- 
tirely incompatible  with  its  employment  presented  themselves  in  such 
number  as  to  induce  me  to  accede  to  the  earnest  recommendation  of 
the  artist,  and  abandon  the  original  plan  of  interchangeable  eye-piece 
and  object-glass.  Some  of  the  decisive  arguments,  briefly  expressed, 
are  the  following.  It  is  only  when  the  most  absolute  symmetry  has 
been  attained  in  every  part  of  the  tube  and  its  accessory  parts,  that 
the  flexure  is  absolutely  determined  in  this  manner ;  otherwise,  we 
obtain  the  measure  of  an  ideal,  not  a  real,  flexure.  Furthermore, 
not  only  is  the  formula  which  attributes  the  maximum  flexure  to  the 
horizontal  position,  and  makes  the  flexure  in  other  positions  a  simple 
function  of  the  altitude,  not  trustworthy,  but  I  will  not  hesitate  to  go 
farther,  and,  paradoxical  as  it  may  appear,  to  express  my  decided 
conviction  that  the  flexure  is  not  necessarily  a  maximum  for  the  hori- 
zon or  minimum  for  the  nadir  and  zenith,  and  that  in  almost  every  ex- 
isting instrument,  if  not  all,  the  flexure  is  unequal  for  the  same  altitude 
upon  diflerent  sides  of  the  vertical.  The  interchange  of  object-glass 
and  eye-pieces  presupposes  either  the  absence  of  unsymmetrical  parts 
within  the  tube,  such  as  the  apparatus  for  illiimination  and  the  shafts 
by  which  we  regulate  the  amount  of  light  admitted,  or  the  disconnec- 
tion of  these  from  their  gearing  or  screw-heads.  Indeed,  nothing  like 
the  former  can  be  reasonably  demanded,  —  a  sacrifice  which  seems 
disproportionate  to  the  end  to  be  attained.  Moreover,  the  new  merid- 
ian-circle is  equipped  with  more  than  a  usual  amount  of  internal  mech- 
anism, although  the  arrangement  and  support  of  this  latter  has  been 
planned  with  an  especial  view  to  avoidance  of  any  prejudicial  eflect 
arising  from  unsymmetric  distribution  of  weight.    The  measurement 
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of  flexure  may  take  place  without  disturbing  the  adjustments  or  parts 
of  the  instrument,  by  some  apparatus  analogous  to  the  neat  and  practi- 
cal contrivance  of  Professor  Challis,  who  arranges  a  pair  of  collimators 
in  such  a  manner  that  they  are  used  in  connection  with  each  other  at 
any  desired  angle  of  altitude.  Moreover,  the  reversal  of  the  instru* 
ment  admits  of  a  scrutiny  and  check  upon  the  determinations,  which 
provides  all  needful  safeguard  against  erroneous  results. 

The  circles  are  divided  to  2',  and  read  by  microscope  to  O'M. 
The  unites  place  of  the  degree  is  always  visible  within  the  field  of  the 
microscope,  and  the  decades  of  degrees  are  engraved  upon  the  rim  of 
the  circle.    The  finders  read  to  10',  and  by  vernier  to  1'. 

The  axis  is  turned  within  as  well  as  without,  a  precaution  upon  which 
I  also  insisted  with  regard  to  the  tube.  The  cube  measures  thirteen 
inches  and  a  half  on  each  side,  and  the  pivots  are  two  inches  in  diam- 
eter. The  difficulty  of  obtaining  a  satisfactory  and  suitably  homoge- 
neous piece  of  iron  for  the  axis  may  be  estimated  from  the  circumstance 
that  even  in  Berlin,  justly  renowned  as  is  that  city  for  knowledge  and 
skill  in  everjTthing  pertaining  to  the  founding  of  iron,  three  successive 
castings  had  to  be  rejected  before  a  satisfactory  piece  could  be  ob- 
tained ;  and  even  then  it  became  necessary  to  deviate  from  the  original 
plan,  —  not,  however,  as  I  trust,  to  the  disadvantage  of  the  instrument. 
The  weight  of  the  axis  is  about  850  pounds. 

The  illumination  is  entirely  by  gas,  the  light  designed  for  the  illumi- 
nation of  the  field  entering  by  one  pivot,  and  that  for  the  threads  by 
the  other.  Arrangements  are  made  for  illuminating  with  lights  of 
different  colors,  and  for  observing,  when  occasion  requires,  with  bright 
threads  upon  a  bright  field.  The  levels  are  boxed,  provided  with  air- 
chambers,  and  read  from  end  to  end,  not  from  the  middle  outwards. 

In  fine,  it  has  been  my  endeavor  to  incorporate  in  the  design  of  this 
instrument  the  principle, — never  before  attained,  so  far  as  I  am  aware, 
— that  every  instrumental  correction,  without  exception,  should  be  capa- 
ble of  determination  by  two  entirely  distinct  and  independent  methods ; 
and  in  this  respect  also  to  combine  the  advantages  of  the  Grerman  and 
the  English  forms.  And  I  may  claim  for  the  new  instrument  that  its 
errors  of  graduation,  its  errors  of  flexure,  collimation,  level,  azimuth 
and  nadir-point,  may  all  be  determined  by  two  separate  processes,  free 
from  any  dependence,  direct  or  indirect,  upon  each  other.  And  what- 
ever may  be  its  errors  of  construction  or  of  mounting,  there  is  no  fear 
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that  they  will  escape  detection  and  accurate  measurement.  So  earnest 
has  been  my  desire  to  lose  none  of  the  advantages  on  either  side  of 
questions  upon  which  experienced  astronomers  differ  in  opinion,  that 
no  point  of  detail  has  been  deemed  too  minute  for  the  application  of 
this  idea  of  duality,  and  I  have  even  requested  the  artists  to  provide  one 
set  of  microscopes  with  crosses,  after  the  fashion  of  Troughton,  and 
the  other  with  close  parallel  threads,  according  to  the  custom  of  Rep- 
sold  and  the  almost  universal  usage  of  the  German  mechanicians. 

If  this  eclectic  spirit  shall  prove  to  have  been  successful  in  attaining 
its  ends  without  the  sacrifice  of  unity,  of  artistic  or  theoretic  elegance, 
of  convenience,  or  of  any  scientific  advantage,  the  care  and  labor  be- 
stowed upon  the  decision  of  the  principles  which  should  rule  its  design 
will  be  more  than  rewarded.  But  here,  as  in  all  instruments  of  a  high 
order,  it  is  the  mechanical  artist  to  whom  most  of  the  success  is  due, 
and  to  whose  refined  delicacy  of  judgment,  taste,  and  skill  we  must 
thank  the  chief  advances  of  modem  astronomy.  Bessel  once  said  that 
he  could  determine  the  place  of  a  star  with  a  musket-barrel  and  a  cart- 
wheel. Few  things  were  impossible  to  Bessel,  but  you  will  agree 
with  me  that  at  any  rate  even  a  Bessel  would  with  such  appliances 
hardly  have  determined  so  large  a  number  of  precise  star-positions  as, 
thanks  to  the  genius  of  Fraunhofer,  Reichenbach  and  Repsold,  are 
contained  in  those  noble  Eonigsberg  volumes,  and  are  sufficient  to 
render  the  names  of  the  artist  and  the  astronomer  alike  immortal. 

It  is  my  privilege,  on  this  occasion,  to  become  the  organ  of  the 
Trustees  of  the  Observatory  in  announcing  that,  at  the  instigation  of 
the  Scientific  Council,  they  have  given  to  the  new  meridian-circle 
which  I  have  been  describing,  —  which,  in  the  grandeur  of  its  dimen- 
sions, is  rivaled  only  by  the  renowned  and  gigantic  transit-circle  of 
the  Royal  Observatory  at  Greenwich,  and  which,  as  we  are  trusting,  may 
prove  to  be  a  forward  step  in  instrumental  astronomy, — a  name  which 
will  render  the  exquisite  instrument  still  more  a  source  of  pride  to 
Albany  and  to  the  Dudley  Observatory, — a  name  full  of  associations  of 
disinterested  and  unassuming  liberality,  of  generous  public  spirit,  — the 
name  of  a  man  who  knows  no  guile,  a  citizen  of  large,  expanded  mind 
and  heart,  whose  efibrts  have,  under  the  blessing  of  a  favoring  Provi- 
dence, resulted  in  an  afiluence  by  which  all  around  him  are  made 
happy,  and  without  whose  constant  efibrt,  protecting  care,  and  wise 
counsel,  neither  this  instrument,  nor  the  Observatory  for  which  it  is 
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designed,  would  ever  have  existed.  The  Trustees  have  authorized  me 
to  announce,  that,  in  token  of  their  respect  for  Thomas  W.  Olcott,  of 
Albany,  the  instrument  will  be  known  as  the  Olcott  Meridian-Circle, 
and  that  the  name  is  already  engraved  upon  the  telescope  at  Berlin. 

The  transit-instrument  is  similar  to  the  meridian-circle,  so  far  as 
the  latter  is  an  instrument  for  the  measurement  of  right  ascension.  It 
is  the  property  of  the  Coast  Survey  of  the  United  States,  whose  en- 
lightened chief  has  authorized  its  employment  at  the  Dudley  Observa- 
tory for  the  present.  The  object-glass  has  a  clear  aperture  of  72 
French  lines,  and  a  focal  length  of  8  feet. 

In  both  these  instruments  the  Ys  are  so  constructed  that  the  level- 
arm  may  rest  upon  that  part  of  the  pivot  which  supports  the  instru- 
ment. 
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1.    On  Acoustics  applied  to  Public  Buildings.    By  Professor 
Joseph  Henry,  of  Washington,  D.  C. 

At  the  meeting  of  the  American  Association  in  1854, 1  gave  a  ver- 
bal account  of  a  plan  of  a  lecture-room  adopted  for  the  Smithsonian 
Institution,  with  some  remarks  on  Acoustics  as  applied  to  apartments 
intended  for  public  speaking.  At  that  time  the  room  was  not  fin- 
ished, and  experience  had  not  proved  the  truth  of  the  principles  on 
which  the  plan  had  been  designed.  Since  then  the  room  has  been 
employed  two  winters  for  courses  of  lectures  to  large  audiences ;  and 
I  believe  it  is  the  general  opinion  of  those  who  have  been  present, 
that  the  arrangements  for  seeing  and  hearing,  considering  the  size 
of  the  apartment,  are  entirely  unexceptionable.  The  room  has  fully 
answered  all  the  expectations  which  were  formed  in  regard  to  it,  pre- 
vious to  its  construction.    The  origin  of  the  plan  was  as  follows. 

Professor  Bache  and  myself  had  directed  our  attention  to  the  sub- 
ject of  acoustics  as  applied  to  buildings,  and  had  studied  the  peculiari- 
ties in  this  respect  of  the  hall  of  the  House  of  Representatives,  when 
the  President  of  the  United  States  referred  to  us  for  examination  the 
plans  proposed  by  Captain  Meigs  of  the  Engineer  Corps,  U.  S.  A.,  for 
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the  rooms  about  to  be  constructed  under  his  direction  in  the  new  wings 
of  the  Capitol.  After  visiting  with  Captain  Meigs  the  principal  halls 
and  churches  of  the  cities  of  Philadelphia,  New  York,  and  Boston,  we 
reported  favorably  on  the  general  plans  proposed  by  him,  and  which 
were  subsequently  adopted* 

The  facts  which  we  have  collected  on  this  subject  may  be  referred 
to  a  few  well-established  principles  of  acoustics,  which  have  been  ap- 
plied in  the  construction  of  the  Smithsonian  lecture-room.  To  apply 
them  generally,  however,  in  the  construction  of  public  halls,  required 
a  series  of  preliminary  experiments. 

In  a  very  small  apartment  it  is  an  easy  matter  to  be  heard  distinctly 
at  every  point ;  but  in  a  large  room,  unless  from  the  first,  in  the 
original  plan  of  the  building,  provision  be  made,  on  acoustic  principles, 
for  a  suitable  arrangement,  it  will  be  difficult,  and  indeed  in  most  cases 
impossible,  to  produce  the  desired  effect  The  same  remark  may  be 
applied  to  lighting,  heating,  and  ventilation,  and  to  all  the  special  pur- 
poses to  which  a  particular  building  is  to  be  applied.  I  beg,  therefore, 
to  make  some  preliminary  remarks  on  the  architecture  of  buildings, 
bearing  upon  this  point,  which,  though  they  may  not  meet  with  uni- 
versal acceptance,  will,  I  trust,  commend  themselves  to  the  common 
sense  of  the  public  in  general. 

In  the  erection  of  a  building,  the  uses  to  which  it  is  to  be  applied 
should  be  clearly  understood,  and  provision  definitely  made,  in  the 
original  plan,  for  every  desired  object. 

Modern  architecture  is  not,  like  painting  or  sculpture,  a  fine  art, 
par  excellence.  The  object  of  these  latter  is  to  produce  a  moral  emo- 
tion, —  to  awaken  the  feelings  of  the  sublime  and  the  beautiful ;  and 
we  greatly  err  when  we  apply  their  productions  to  a  merely  utilita- 
rian purpos3.  To  make  a  fire-screen  of  Rubens^s  Madonna,  or  a 
candelabrum  of  the  Apollo  of  Belvidere,  would  be  to  debase  those 
exquisite  productions  of  genius,  and  do  violence  to  the  feelings  of 
the  cultivated  lover  of  art.  Modern  buildings  are  made  for  other 
purposes  than  artistic  effect,  and  in  them  the  sesthetical  must  be  sub- 
ordinate to  the  useful ;  though  the  two  may  coexist,  and  an  intellectual 
pleasure  be  derived  from  a  sense  of  adaptation  and  fitness,  combined 
with  a  perception  of  harmony  of  parts,  and  the  beauty  of  detail. 

The  buildings  of  a  country  and  an  age  should  be  ethnological 
expressions  of  the  wants,  habits,  arts,  and  feelings  of  the  time  in 
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which  they  were  erected.  Those  of  Egypt,  Greece,  and  Rome  were 
intended,  at  least  in  part,  to  transmit  to  posterity,  without  the  art  of 
printing,  an  idea  of  the  character  of  the  periods  in  which  they  were 
erected.  It  was  hy  their  monuments  that  these  nations  sought  to  con- 
vey an  idea  of  their  religious  and  political  sentiment  to  future  ages. 

The  Greek  architect  was  untrammelled  by  any  condition  of  utility. 
Architecture  was  with  him  in  reality  a  fine  art.  The  temple  was 
formed  to  gratify  the  tutelar  deity.  Its  minutest  parts  were  exquisitely 
finished,  since  nothing  but  perfection  on  all  sides  and  in  the  smallest 
particulars  could  satisfy  an  all-seeing  and  critical  eye.  It  was  in- 
tended for  external  worship,  and  not  for  internal  use.  It  was  without 
windows,  entirely  open  to  the  sky,  or,  if  closed  with  a  roof,  the  light 
was  merely  admitted  through  a  large  door.  There  were  no  arrange- 
ments for  heating  or  ventilation.  The  uses,  therefore,  to  which,  in 
modem  times,  buildings  of  this  kind  can  be  applied,  are  exceedingly 
few ;  and  though  they  were  objects  of  great  beauty,  and  fully  realized 
the  intention  of  the  architect  by  whom  they  were  constructed,  yet 
they  cannot  be  copied  in  our  day  without  violating  the  principles 
which  should  govern  architectural  adaptation. 

Every  vestige  of  ancient  architecture  which  now  remains  on  the 
face  of  the  earth  should  be  preserved  with  religious  care ;  but  to  ser- 
vilely copy  these,  and  to  attempt  to  apply  them  to  the  uses  of  our  day, 
is  as  preposterous  as  to  endeavor  to  harmonize  the  refinement  and 
civilization  of  the  present  age  with  the  superstition  and  barbarity  of 
the  times  of  the  Pharaohs.  It  is  only  when  a  building  expresses  the 
dominant  sentiment  of  an  age,  when  a  perfect  adaptation  to  its  use  is 
joined  to  harmony  of  proportions  and  an  outward  expression  of  its 
character,  that  it  is  entitled  to  our  admiration.  It  has  been  aptly  said, 
that  it  is  one  thing  to  adopt  a  particular  style  of  architecture,  but  a 
very  difiTerent  one  to  adapt  it  to  the  purpose  intended. 

Architecture  should  change  not  only  with  the  character  of  the  peo- 
ple, and  in  some  cases  with  the  climate,  but  also  with  the  material  to 
be  employed  in  construction.  The  use  of  iron  and  of  glass  re- 
quires an  entirely  difierent  style  from  that  which  sprung  from  the 
rocks  of  Egypt,  the  masses  of  marble  with  which  the  lintels  of  the 
Grecian  temples  were  formed,  or  the  introduction  of  brick  by  the  Ro- 
mans. 

The  great  tenacity  of  iron,  and  its  power  of  resistance  to  crushing, 
11 
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should  suggest  for  it,  as  a  building  material,  a  far  more  slender  and  ap- 
parently lighter  arrangement  of  parts.  An  entire  building  of  iron, 
fashioned  in  imitation  of  stone,  might  be  erected  at  small  expense  of 
invention  on  the  part  of  the  architect,  but  would  do  little  credit  to  his 
truthfulness  or  originality.  The  same  may  be  said  of  our  modem 
pasteboard  edifices,  in  which,  with  their  battlements,  towers,  pinna- 
cles, ^^  fretted  roofs  and  long  drawn  aisles,^'  cheap  and  transient  mag- 
nificence is  produced  by  painted  wood  or  decorated  plaster.  I  must 
not,  however,  indulge  in  remarks  of  this  kind,  but  must  curb  my  feel- 
ings on  the  subject,  since  I  speak  from  peculiar  experience. 

But  to  return  to  the  subject  of  acoustics,  as  applied  to  apartments 
intended  for  public  speaking.  White  sound,  in  connection  with  its 
analogies  to  light,  and  in  its  abstract  principles,  has  been  investi- 
gated within  the  last  fifty  years  with  a  rich  harvest  of  results,  few 
attempts  have  been  successfully  made  to  apply  these  principles  to 
practical  purposes.  Though  we  may  have  a  clear  conception  of  the 
simple  operation  of  a  law  of  nature,  yet  when  the  conditions  are  va- 
ried, and  the  actions  multiplied,  the  results  frequently  transcend  our 
powers  of  logic,  and  we  are  obliged  to  appeal  to  experiment  and  ob- 
servation to  assist  in  deducing  new  consequences,  as  well  as  to  verify 
those  which  have  been  arrived  at  by  mathematical  deduction.  Further- 
more, though  we  may  know  the  manner  in  which  a  cause  acts  to  pro- 
duce a  given  effect,  yet  in  all  cases  we  are  obliged  to  resort  to  actual 
experiment  to  ascertain  the  measure  of  efiect  under  given  conditions. 

The  science  of  acoustics  as  applied  to  buildings,  perhaps  more  than 
any  other,  requires  this  union  of  scientific  principles  with  experimen- 
tal deductions.  While,  on  the  one  hand,  the  application  of  simple 
deductions  from  the  established  principles  of  acoustics  would  be  un- 
safe from  a  want  of  knowledge  of  the  constants  which  enter  into  our 
formulse,  on  the  other  hand,  empirical  data  alone  are,  in  this  case, 
entirely  at  fault,  and  of  this  any  person  may  be  convinced  who  will 
examine  the  several  works  written  on  acoustics  by  those  who  are 
deemed  practical  men. 

Sound  is  a  motion  of  matter  capable  of  afiecting  the  ear  with  a  sen- 
sation peculiar  to  that  organ.  It  is  not  in  all  cases  simply  a  motion  of 
the  air,  for  there  are  many  sounds  in  which  the  air  is  not  concerned ; 
for  example,  the  impulses  which  are  conveyed  along  a  rod  of  wood 
from  a  tuning-fork  to  the  teeth.     When  a  sound  is  produced  by  a 
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single  impulse,  or  an  approximation  to  a  single  impulse,  it  is  called  a 
noise ;  when  by  a  series  of  impulses,  a  continued  sound,  dec. ;  if 
the  impulses  are  equal  in  duration  among  themselves,  a  musical  sound. 
This  has  been  illustrated  by  a  quill  striking  against  the  teeth  of  a  wheel 
in  motion.  A  single  impulse  from  one  tooth  is  a  noise,  from  a  series 
of  teeth  in  succession  a  continued  sound ;  and  if  all  the  teeth  are  at 
equal  distances,  and  the  velocity  of  the  wheel  is  uniform,  then  a  musical 
note  is  the  result.  Each  of  these  sounds  is  produced  by  the  human 
voice,  though  they  apparently  run  into  each  other.  Usually,  however, 
in  speaking,  a  series  of  irregular  sounds  of  short  duration  are  emitted, 
—  each  syllable  of  a  word  constitutes  a  separate  sound  of  appreciable 
duration,  and  each  compound  word  and  sentence  an  assemblage  of 
such  sounds.  It  is  astonishing,  that,  in  listening  to  a  discourse,  the 
ear  can  receive  so  many  impressions  in  the  space  of  a  second,  and 
that  the  mind  can  take  cognizance  of  and  compare  them. 

That  a  certain  force  of  impulse,  and  a  certain  time  for  its  continu- 
ance, are  necessary  to  produce  an  audible  impression  on  the  ear,  is  evi- 
dent ;  but  it  may  be  doubted  whether  the  impression  of  a  sound  on  this 
organ  is  retained  appreciably  longer  than  the  continuance  of  the 
impulse  itself;  certainly  it  is  not  retained  the  T^^yth  of  a  second.  If 
this  were  the  case,  it  is  difficult  to  conceive  why  articulated  discourse, 
which  so  pre-eminently  distinguishes  man  from  the  lower  animals, 
should  not  fill  the  ear  with  a  monotonous  hum ;  but  whether  the  ear 
continues  to  vibrate,  or  whether  the  impression  remains  a  certain  time 
on  the  sensorium,  it  is  certain  that  no  sound  is  ever  entirely  instanta- 
neous, or  the  result  of  a  single  impression,  particularly  in  enclosed 
spaces.^  The  impulse  is  not  only  communicated  to  the  ear,  but  to  all 
bodies  around,  which,  in  turn,  themselves  become  centres  of  reflected 
impulses.  Every  impulse  must  give  rise  to  a  forward,  and  afterwards 
to  a  return,  or  backward,  motion  of  the  atom. 

Sound  from  a  single  explosion  in  air,  equally  elastic  on  all  sides, 
tends  to  expand  equally  in  every  direction;  but  when  the  impulse 
is  given  to  the  air  in  a  single  direction,  though  an  expansion  takes 
place  on  all  sides,  yet  it  is  much  more  intense  in  the  line  of  the  im- 
pulse. For  example,  the  impulse  of  a  single  explosion,  like  that  of 
tlie  detonation  of  a  bubble  of  oxygen  and  hydrogen,  is  propagated 
equally  in  all  directions,  while  the  discharge  of  a  cannon,  though 
heard  on  every  side,  is  much  louder  in  the  direction  of  the  axis ;  so  also 
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a  person  speaking  is  heard  much  more  distinctly  directly  in  front 
than  at  an  equal  distance  behind.  Many  experiments  have  been  made 
on  this  point,  and  I  may  mention  those  repeated  in  the  open  space  in 
front  of  the  Smithsonian  Institution.  In  a  circle,  100  feet  in  diame- 
ter, the  speaker  in  the  centre,  and  the  hearer  in  succession  at  different 
points  of  the  circumference,  the  voice  was  heard  most  distinctly  di* 
rectly  in  front,  gradually  less  so  on  either  side,  until,  in  the  rear,  it 
was  scarcely  audible.  The  ratio  of  distance  for  distinct  hearing 
directly  in  front,  on  the  sides,  and  in  the  rear,  was  about  as  100,  75, 
and  30.  These  numbers  may  serve  to  determine  the  form  in  which  an 
audience  should  be  arranged  in  an  open  field,  in  order  that  those  on 
the  periphery  of  the  space  may  all  have  a  like  favorable  opportunity 
of  hearing,  though  it  should  not  be  recommended  as  the  interior  form 
of  an  apartment,  in  which  a  reflecting  wall  would  be  behind  the 
speaker. 

The  impulse  producing  sound  requires  time  for  its  propagation,  and 
this  depends  upon  the  intensity  of  repulsion  between  the  atoms,  and, 
secondly,  on  the  specific  gravity  of  the  matter  itself.  If  the  medium 
were  entirely  rigid,  sound  would  be  propagated  instantaneously; 
the  weaker  the  repulsion  between  the  atoms,  the  greater  will  be  the 
time  required  to  transmit  the  motion  from  one  to  the  other ;  and  the 
heavier  the  atoms,  the  greater  will  be  the  time  required  for  the  action 
of  a  given  force  to  produce  in  them  a  given  amount  of  motion. 
Sound  also,  in  meeting  an  object,  is  reflected  in  accordance  with  the 
law  of  light,  making  the  angle  of  mcidence  equal  to  the  angle  of  re- 
flection. The  tendency,  however,  to  divergency  in  a  single  beam  of 
sound,  appears  to  be  much  greater  than  in  the  case  of  light.  The  law, 
nevertheless,  appears  to  be  definitely  followed  in  the  case  of  all 
beams  that  are  reflected  in  a  direction  near  the  perpendicular.  It  is 
on  the  law  of  propagation  and  reflection  of  sound  that  the  philosophy 
of  echo  depends.  Knowing  the  velocity  of  sound,  it  is  an  easy  matter 
to  calculate  the  interval  of  time  which  must  elapse  between  the  original 
impulse  and  the  return  of  the  echo.  Sound  moves  at  the  rate  of  1125 
feet  in  a  second,  at  the  temperature  of  60°.* 


*  From  the  arerage  of  all  the  experiments,  according  to  Sir  John  Herschel,  the 
velocity  of  sound  is  1090  feet  at  the  temperature  of  820,  and  this  is  increased  1.14 
feet  for  eveiy  degree  of  temperatore  of  Fahrenheit's  scale. 
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If,  therefore,  we  stand  at  half  this  distance  before  a  wall,  the  echo 
will  return  to  us  in  one  second.  It  is,  however,  a  fact  known  from 
universal  experience,  that  no  echo  is  perceptible  from  a  near  wall, 
though  in  all  cases  one  must  be  sent  back  to  the  ear.  The  reason  of 
this  is,  that  the  ear  cannot  distinguish  the  difference  between  similar 
sounds,  as,  for  example,  that  from  the  original  impulse  and  its  reflec- 
tion, if  they  follow  each  other  at  less  than  a  given  interval,  which  can 
only  be  determined  by  actual  experiment ;  and  as  this  is  an  important 
element  in  the  construction  of  buildings,  the  attempt  was  made  to  de- 
termine it  with  some  considerable  degree  of  accuracy.  For  this  pur- 
pose the  observer  was  placed  immediately  in  front  of  the  wall  of  the 
west  end  of  the  Smithsonian  building,  at  the  distance  of  100  feet ;  the 
hands  were  then  clapped  together.  A  distinct  echo  was  perceived ;  the 
difference  between  the  time  of  the  passage  of  the  impulse  from  the  hand 
to  the  ear,  and  that  from  the  hand  to  the  wall  and  back  to  the  ear,  was 
sufficiently  great  to  produce  two  entirely  distinct  impressions.  The 
observer  then  gradually  approached  the  building,  until  no  echo  or  per- 
ceptible prolongation  of  the  sound  was  observed.  By  accurately  meas- 
uring this  distance,  and  doubling  it,  we  find  the  interval  of  space 
within  which  two  sounds  may  follow  each  other  without  appearing 
separately.  But  if  two  rays  of  sound  reach  the  ear  afler  having  passed 
through  distances  the  difference  between  which  is  greater  than  this, 
they  produce  the  effect  of  separate  sounds.  This  distance  we  have 
called  the  limit  of  perceptibility  in  terms  of  space.  If  we  convert  this 
distance  into  the  velocity  of  sound,  we  ascertain  the  limit  of  percepti- 
bility in  time. 

In  the  experiment  first  made  with  the  wall,  a  source  of  error  was 
discovered  in  the  fact  that  a  portion  of  the  sound  returned  was  reflected 
from  the  cornice  under  the  eaves,  and  as  this  was  at  a  greater  dis- 
tance than  the  part  of  the  wall  immediately  perpendicular  to  the  ob- 
server, the  moment  of  the  cessation  of  the  echo  was  less  distinct.  In 
subsequent  experiments  with  a  louder  noise,  the  reflection  was 
observed  from  a  perpendicular  surface  of  about  12  feet  square,  and 
from  this  more  definite  results  were  obtained.  The  limit  of  the  dis- 
tance in  this  case  was  about  30  feet,  varying  slightly,  perhaps,  with 
the  intensity  of  the  sound  and  the  acuteness  of  different  ears.  This 
will  give  about  the  sixteenth  part  of  a  second  as  the  limit  of  time  neces- 
sary for  the  ear  to  separately  distinguish  two  similar  sounds.  From 
11  • 
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this  experiment  we  learn  that  the  reflected  sound  may  tend  to  strength- 
en the  impression,  or  to  confuse  it,  according  as  the  difference  of  time 
between  the  two  impressions  is  greater  or  less  than  the  limit  of  percep- 
tibility. An  application  of  the  same  principle  gives  us  the  explanation 
of  some  phenomena  of  sound  which  have  been  considered  mysterious. 
Thus,  in  the  reflection  of  an  impulse  from  the  edge  of  a  forest  of 
trees,  each  leaf  properly  situated  within  a  range  of  30  feet  of  the 
front  plane  of  reflection  will  conspire  to  produce  a  distinct  echo,  and 
these  would  form  the  principal  part  of  the  reflecting  surfaces  of  a 
dense  forest,  for  the  remainder  would  be  screened ;  and  being  at  a 
greater  distance,  any  ray  which  might  come  from  them  would  serve 
to  produce  merely  a  low  continuation  of  the  sound. 

On  the  same  principle,  we  may  at  once  assert  that  the  panelling  of 
a  room,  or  even  the  introduction  of  reflecting  surfaces  at  different  dis- 
tances, will  not  prevent  the  echo,  provided  they  are  in  parallel  planes, 
and  situated,  relatively  to  each  other,  within  the  limit  of  perceptibility. 

Important  advantage  may  be  taken  of  the  principle  of  reflection  of 
sound  by  the  proper  arrangement  of  the  reflecting  surfaces  behind  the 
speaker.  We  frequently  see  in  churches,  as  if  to  diminish  the  effect 
of  4he  voice  of  the  preacher,  a  mass  of  drapery  placed  directly  in  the 
rear  of  the  pulpit.  However  important  this  may  be  in  an  sesthetical 
point  of  view,  it  is  certainly  at  variance  with  correct  acoustic  arrange- 
ments, —  the  great  object  of  which  should  be  to  husband  every  articu- 
lation of  the  voice,  and  to  transmit  it  unmingled  with  other  impulses, 
and  with  as  little  loss  as  possible,  to  the  ears  of  the  audience. 

Another  effect  of  the  transmission  and  reflection  of  sound  is  that 
which  is  called  reverberation,  which  consists  of  a  prolonged  musical 
sound,  and  is  much  more  frequently  the  cause  of  indistinctness  of  per- 
ception of  the  articulations  of  the  speaker  than  the  simple  echo. 

Reverberation  is  produced  by  the  repeated  reflection  of  a  sound  from 
the  walls  of  the  apartment.  If,  for  example,  a  single  detonation  takes 
place  in  the  middle  of  a  long  hall  with  naked  and  perpendicular  walls, 
an  impulse  will  pass  in  each  direction,  will  be  reflected  from  the  walls, 
cross  each  other  again  at  the  point  of  origin,  be  again  reflected,  and  so 
on  until  the  original  impulse  is  entirely  absorbed  by  the  solid  materials 
which  confine  it.  The  impression  will  be  retained  upon  the  ear  during 
the  interval  of  the  transmission  past  it  of  two  successive  waves,  and  thus 
a  continued  sound  will  be  kept  up,  particularly  if  the  walls  of  any  part 
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of  the  room  are  within  30  feet  of  the  ear.  If  a  series  of  impulses, 
such  as  that  produced  hy  the  rapid  snaps  of  a  quill  against  the  teeth 
of  a  wheel,  he  made  in  unison  with  the  echoes,  a  continued  musi- 
cal sound  will  he  the  result.  Suppose  the  wheel  to  he  turned  with 
such  velocity  as  to  cause  a  snap  at  the  very  instant  the  return  echo 
passes  the  point  at  which  the  apparatus  is  placed,  the  second  sound 
will  comhine  with  the  first,  and  thus  a  loud  and  sustained  vibration  will 
be  produced.  It  will  be  evident  from  this  that  every  room  has  a  key- 
note, and  that,  to  an  instrument  of  the  proper  pitch,  it  will  resound  with 
great  force.  It  must  be  apparent,  also,  that  the  continuance  of  a  sin- 
gle sound,  and  the  tendency  to  confusion  in  distinct  perception,  will 
depend  on  several  conditions ;  —  first,  on  the  size  of  the  apartment ; 
secondly,  on  the  strength  of  the  sound  or  the  intensity  of  the  impulse ; 
thirdly,  on  the  position  of  the  reflecting  surfaces ;  and  fourthly,  on  the 
nature  of  the  material  of  the  reflecting  surfaces. 

In  regard  to  the  first  of  these, —  the  larger  the  room,  the  longer 
time  will  be  required  for  the  impulse  along  the  ieais  to  reach  the  wall ; 
and  if  we  suppose  that  at  each  collision  a  portion  of  the  original  force 
is  absorbed,  it  will  require  double  the  time  to  totally  extinguish  it  in  a 
room  of  double  the  size,  because,  the  velocity  of  sound  being  the 
same,  the  number  of  collisions  in  a  given  time  will  be  inversely  as  the 
distance  through  which  the  sound  has  to  travel. 

Again,  that  it  must  depend  upon  the  loudness  of  the  sound,  or  the 
intensity  of  the  impulse,  must  be  evident,  when  we  consider  that  the 
cessation  of  the  reflections  is  due  to  the  absorption  of  the  walls,  or  to 
irregular  reflection,  and  that,  consequently,  the  greater  the  amount  of 
original  disturbance,  the  longer  will  be  the  time  required  for  its  com- 
plete extinction.  This  principle  was  abundantly  shown  by  our  obser- 
vations on  diflerent  rooms. 

Thirdly,  the  continuance  of  the  resonance  will  depend  upon  the  po- 
sition of  the  reflecting  surfaces.  If  these  are  not  parallel  to  each 
other,  but  oblique,  so  as  to  reflect  the  sound,  not  to  the  opposite,  but  to 
the  adjacent  wall,  without  passing  through  the  longer  axis  of  the  room, 
it  will  evidently  be  sooner  absorbed.  Any  obstacle,  also,  which  may 
tend  to  break  up  the  wave,  and  interfere  with  the  reflection  through  the 
axis  of  the  room,  will  serve  to  lessen  the  resonance  of  the  apartment. 
Hence,  though  the  panelling,  the  ceiling,  and  the  introduction  of  a 
variety  of  oblique  surfaces,  may  not  prevent  an  isolated  echo,  provided 
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the  distance  be  sufficiently  great,  and  the  sound  sufficiently  loud,  yet 
that  they  do  have  an  important  effect  in  stopping  the  resonance  is  evi- 
dent from  theory  and  experiment  In  a  room  50  feet  square,  in  which 
the  resonance  of  a  single  intense  sound  continued  six  seconds,  when 
cases  and  other  objects  were  placed  around  the  wall,  its  continuance 
was  reduced  to  two  seconds. 

Fourthly,  the  duration  of  the  resonance  will  depend  upon  the  nature 
of  the  material  of  the  wall.  A  reflection  always  takes  place  at  the  sur- 
face  of  a  new  medium,  and  the  amount  of  this  will  depend  upon  the 
elastic  force  or  power  to  resist  compression  and  the  density  of  the  new 
medium.  For  example,  a  wall  of  nitrogen,  if  such  could  be  found, 
would  transmit  nearly  the  whole  of  a  wave  of  sound  in  air,  and  reflect 
but  a  very  small  portion  ;  a  partition  of  tissue-paper  would  produce 
nearly  the  same  effect.  A  polished  wall  of  steel,  however,  of  suffi- 
cient thickness  to  prevent  yielding,  would  reflect,  for  practical  pur- 
poses, all  the  impulses  through  the  air  which  might  fall  upon  it.  The 
rebound  of  the  wave  is  caused,  not  by  the  oscillation  of  the  wall,  but  by 
the  elasticity  and  mobility  of  the  air.  The  striking  of  a  single  ray  of 
sound  against  a  yielding  board  would  probably  increase  the  loudness 
of  the  reverberation,  but  not  its  continuance.  On  this  point  a  series  of 
experiments  were  made  by  the  use  of  the  tuning-fork.  In  this  instru- 
ment, the  motion  of  the  foot  and  of  the  two  prongs  gives  a  sonorous 
vibration  to  the  air,  which,  if  received  upon  another  tuning-fork  of 
precisely  the  same  size  and  form,  would  reproduce  the  same  vibrations. 

It  is  a  fact  well  established  by  observation,  that  when  two  bodies  are 
in  perfect  unison,  and  separated  from  each  other  by  a  space  filled  with 
air,  vibrations  of  the  one  will  be  transmitted  to  the  other.  From  this 
consideration,  it  is  probable  that  relatively  the  same  effect  ought  to 
be  produced  in  transmitting  immediately  the  vibration  of  a  tuning-fork 
to  a  reflecting  body,  as  to  duration  and  intensity,  as  in  the  case  of 
transmission  through  air.  This  conclusion  is  strengthened  by  floating 
a  flat  piece  of  wood  on  water  in  a  vessel  standing  upon  a  sounding- 
board  ;  placing  a  tuning-fork  on  the  wood,  the  vibrations  will  be  trans- 
mitted to  the  board  through  the  water,  and  sounds  will  be  produced  of 
the  same  character  as  those  emitted  when  the  tuning-fork  is  placed  di- 
rectly upon  the  board. 

A  tuning-fork  suspended  from  a  fine  cambric  thread,  and  vibrated 
in  air,  was  found,  from  the  mean  of  a  number  of  experiments,  to  con- 
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tinue  in  motion  252  seconds.  In  this  experiment,  had  the  tuning-fork 
been  in  a  perfect  vacuum,  suspended  without  the  use  of  a  string,  and, 
further,  had  there  been  no  ethereal  medium,  the  agitation  of  which 
would  give  rise  to  light,  heat,  electricity,  or  some  other  form  of  ethe- 
real motion,  the  fork  would  have  continued  its  vibration  for  ever. 

The  fork  was  next  placed  upon  a  large,  thin  pine  board,  —  the  top 
of  a  table.  A  loud  sound  in  this  case  was  produced,  which  continued 
less  than  ten  seconds.  The  whole  table  as  a  system  was  thrown  into 
motion,  and  the  sound  produced  was  as  loud  on  the  under  side  as  on 
the  upper  side.  Had  the  tuning-fork  been  placed  against  a  partition  of 
this  material,  a  loud  sound  would  have  been  heard  in  the  adjoining 
room ;  and  this  was  proved  by  sounding  the  tuning-fork  against  a  door 
leading  into  a  closed  closet  The  sound  within  was  apparently  as 
loud  as  that  without. 

The  rapid  decay  of  sound  in  this  case  was  produced  by  so  great  an 
amount  of  the  motive  power  of  the  fork  being  communicated  to  a  large 
mass  of  wood.  The  increased  sound  was  due  to  the  increased  surface. 
In  other  words,  the  shortness  of  duration  was  compensated  for  by  the 
greater  intensity  of  effect  produced. 

The  tuning-fork  was  next  placed  upon  a  circular  slab  of  marble, 
about  three  feet  in  diameter  and  three  quarters  of  an  inch  thick.  The 
sound  emitted  was  feeble,  and  the  undulations  continued  one  hundred 
and  fifteen  seconds,  as  deduced  from  the  mean  of  six  experiments. 

In  all  these  experiments,  except  the  one  in  a  vacuum,  the  time  of  the 
cessation  of  the  motion  of  the  tuning-fork  was  determined  by  bringing 
the  mouth  of  a  resounding  cavity  near  the  end  of  the  fork ;  this  cavity, 
having  previously  been  adjusted  to  unison  with  the  vibrations  of  the 
fork,  gave  an  audible  sound  when  none  could  be  heard  by  the  un- 
aided ear. 

The  tuning-fork  was  next  placed  upon  a  cube  of  India-rubber,  and 
this  upon  the  marble  slab.  The  sound  emitted  by  this  arrangement 
was  scarcely  greater  than  in  the  case  of  the  tuning-fork  suspended 
from  the  cambric  thread,  and,  from  the  analogy  of  the  previous  exper- 
iments, we  might  at  first  thought  suppose  the  time  of  duration  would 
be  great ;  but  this  was  not  the  case.  The  vibrations  continued  only 
about  forty  seconds.  The  question  may  here  be  asked.  What  became 
of  the  impulses  lost  by  the  tuning-fork  ?  They  were  neither  transmit- 
ted through  the  India-rubber,  nor  given  off  to  the  air  in  the  form  of 
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sound,  but  were  probably  expended  in  producing  a  change  in  the  mat- 
ter of  the  India-rubber,  or  were  converted  into  heat,  or  both.  Though 
the  inquiry  did  not  fall  strictly  within  the  line  of  this  series  of  investi- 
gations, yet  it  was  of  so  interesting  a  character  in  a  physical  point  of 
view  to  determine  whether  heat  was  actually  produced,  that  the  follow- 
ing experiment  was  made. 

A  cylindrical  piece  of  India-rubber,  about  an  inch  and  a  quarter  in 
diameter,  was  placed  in  a  tubulated  bottle  with  two  openings,  one  near 
the  bottom  and  the  other  at  the  top.  A  stufiing-box  was  attached  to 
the  upper,  through  which  a  metallic  stem,  with  a  circular  foot  to  press 
upon  the  India-rubber,  was  made  to  pass  air-tight.  The  lower  tubular 
was  closed  with  a  cork,  in  a  perforation  of  which  a  fine  glass  tube  was 
cemented.  A  small  quantity  of  red  ink  was  placed  in  the  tube  to 
serve  as  an  index.  The  whole  arrangement  thus  formed  a  kind  of  air- 
thermometer,  which  would  indicate  a  certain  amount  of  change  of 
temperature  in  the  enclosed  air»  On  the  top  of  the  stem,  the  tuning- 
fork  was  screwed,  and  consequently  its  vibrations  were  transmitted  to 
the  rubber  within  the  bottle.  The  glass  was  surrounded  with  several 
coatings  of  flannel,  to  prevent  the  influence  of  external  temperature. 
The  tuning-fork  was  then  sounded,  and  the  vibrations  were  kept  up 
for  some  time.  No  reliable  indications  of  an  increase  of  temperature 
were  observed.  A  more  delicate  method  of  making  the  experiment 
next  suggested  itself.  The  tube  containing  the  drop  of  red  ink,  with 
its  cork,  was  removed,  and  the  point  of  a  compound  wire  formed  of 
copper  and  iron  was  thrust  into  the  substance  of  the  rubber,  while  the 
other  ends  of  the  wire  were  connected  with  a  delicate  galvanometer. 
The  needle  was  suflered  to  come  to  rest,  the  tuning-fork  was  then  vi- 
brated, and  its  impulses  transmitted  to  the  rubber.  A  very  percept- 
ible increase  of  temperature  was  the  result.  The  needle  moved 
through  an  arc  of  from  one  to  two  and  a  half  degrees.  The  experi- 
ment was  varied,  and  many  times  repeated  ;  the  motions  of  the  needle 
were  always  in  the  same  direction,  namely,  in  that  which  was  pro- 
duced when  the  point  of  the  compound  wire  was  heated  by  momen- 
tary contact  with  the  fingers.  The  amount  of  heat  generated  in  this 
way  is,  however,  small,  and  indeed,  in  all  cases  in  which  it  is  gen- 
erated by  mechanical  means,  the  amount  evolved  appears  very  small 
in  comparison  with  the  labor  expended  in  producing  it.  Jule  has 
shown  that  the  mechanical  energy  generated  in  a  pound  weight,  by 
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falling  through  a  space  of  seven  hundred  and  fifly  feet,  elevates  the 
temperature  of  a  pound  of  water  one  degree. 

It  is  evident  that  an  object  like  India-rubber  actually  destroys  a  por- 
tion of  the  sound,  and  hence,  in  cases  in  which  entire  non-conduction 
is  required,  this  substance  can  probably  be  employed  with  perfect  suc- 
cess. 

The  tuning-fork  was  next  pressed  upon  a  solid  brick  wall,  and  the  du- 
ration of  vibration  from  a  number  of  trials  was  eighty-eight  seconds. 
Against  a  wall  of  lath  and  plaster  the  sound  was  louder,  and  contin- 
ued only  eighteen  seconds. 

From  these  experiments  we  may  infer  that,  if  a  room  were  lined 
with  wainscot  of  thin  boards,  and  a  space  lefl  between  the  wall  and 
the  wood,  the  loudness  of  the  echo  of  a  single  noise  would  be  in- 
creased, while  the  duration  of  the  resonance  would  be  diminished.  If, 
however,  the  thin  board  were  glued  or  cemented  in  solid  connection 
to  the  wall,  or  embedded  in  the  mortar,  then  the  effect  would  be  a  fee- 
ble echo,  and  a  long  continued  resonance,  similar  to  that  from  the  slab 
of  marble.  This  was  proved  by  first  determining  the  length  of  contin- 
uance of  the  vibrations  of  a  tuning-fork  on  a  thin  board,  which  was 
afterwards  cemented  to  a  flat  piece  of  marble. 

A  series  of  experiments  were  next  commenced  with  reference  to 
the  actual  reflection  of  sound.  For  this  purpose  a  parabolic  mirror 
was  employed,  and  the  sound  from  a  watch  received  on  the  mouth  of 
a  hearing-trumpet,  furnished  with  a  tube  for  each  ear.  The  focus 
was  near  the  apex  of  the  parabola,  and  when  the  watch  was  sus- 
pended at  this  point,  it  was  six  inches  within  the  plane  of  the  outer 
circle  of  the  mirror.  In  this  case  the  sound  was  confined  at  its  origin, 
and  prevented  from  expanding.  No  conjugate  focus  was  produced, 
but,  on  the  contrary,  the  rays  of  light,  when  a  candle  was  introduced, 
constantly  diverged.  The  ticking  of  the*  watch  could  not  be  heard  at 
all  when  the  ear  was  applied  to  the  outside  of  the  mirror,  while  di- 
rectly in  front  it  was  distinctly  heard  at  the  distance  of  thirty  feet,  and 
with  the  assistance  of  the  ear-trumpet,  at  more  than  double  that  dis- 
tance. When  the  watch  was  removed  from  the  focus,  the  sound 
ceased  to  be  audible.  This  method  of  experimenting  admits  of  con- 
siderable precision,  and  enables  us  directly  to  verify,  by  means  of 
sound  transmitted  through  air,  the  results  anticipated  in  the  previous 
experiments.    A  piece  of  tissue-paper  placed  within  the  mirror,  and 
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surrounding  the  watch  without  touching  it,  slightly  diminished  the  re- 
flection. A  single  curtain  of  flannel  produced  a  somewhat  greater 
effect,  though  the  reflecting  power  of  the  metallic  parabola  was  not 
entirely  masked  by  three  thicknesses  of  flannel ;  and,  I  presume,  very 
little  change  would  have  been  perceived,  had  the  reflector  been  lined 
with  flannel  glued  to  the  surface  of  the  metal.  The  sound  was  also 
audible  at  the  distance  of  ten  feet,  when  a  large  felt  hat,  without  stif- 
fening, was  interposed  between  the  watch  and  the  mirror.  Care  was 
taken  in  these  experiments  so  to  surround  the  watch,  that  no  ray  of 
sound  could  pass  directly  from  it  to  the  reflecting  surface. 

With  a  cylindrical  mirror,  having  i^  parabolic  base,  very  little  in- 
creased reflection  was  perceived.  The  converging  beams  in  this  case 
were  merely  in  a  single  plane,  perpendicular  to  the  mirror,  and  pass- 
ing through  the  ear,  while  to  the  focal  point  of  the  spherical  minor 
a  solid  cone  of  rays  was  sent. 

The  reflection  from  the  cylindrical  mirror  forms  what  is  called  a 
caustic  in  optics,  while  that  from  a  spherical  mirror  gives  a  true  focus, 
or,  in  other  words,  collects  the  sounds  from  all  parts  of  the  surface,  and 
conveys  them  to  one  point  of  space.  These  facts  furnish  a  ready  ex- 
planation of  the  confusion  experienced  in  the  Hall  of  Representatives, 
which  is  surmounted  by  a  dome,  the  under  surface  of  which  acts  as  an 
immense  concave  mirror,  reflecting  to  a  focus  every  sound  which  as- 
cends to  it,  leaving  other  points  of  space  deficient  in  sonorous  im- 
pulses. 

Water,  and  all  liquids  which  offer  great  resistance  to  compression, 
are  good  reflectors  of  sound.  This  may  be  shown  by  the  following 
experiment  When  water  is  gradually  poured  into  an  upright  cylin- 
drical vessel,  over  the  mouth  of  which  a  tuning-fork  is  vibrated,  until 
it  comes  within  a  certain  distance  of  the  mouth,  it  will  reflect  an 
echo  in  unison  with  the  vibrations  of  the  fork,  and  produce  a  loud 
resonance.  This  result  explains  the  fact,  which  had  been  observed 
with  some  surprise,  that  the  duration  of  the  resonance  of  a  newly  plas- 
tered room  was  not  perceptibly  less  than  that  of  one  which  had  been 
thoroughly  dried. 

There  is  another  principle  of  acoustics  which  has  a  bearing  on  this 
subject.  I  allude  to  the  refraction  of  sound.  It  is  well  known  that, 
when  a  ray  of  sound  passes  from  one  medium  to  another,  a  change  in 
velocity  takes  place,  and  consequently  a  change  in  the  direction  or  a 
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refraction,  must  be  produced.  The  amount  of  this  can  readily  be  cal- 
culated where  the  relative  velocities  are  known.  In  rooms  heated  by 
furnaces,  and  in  which  streams  of  heated  air  pass  up  between  the  au- 
dience and  speaker,  a  confusion  has  been  supposed  to  be  produced,  and 
distinct  hearing  interfered  with,  by  this  cause.  Since  the  velocity  of 
sound  in  air  at  32°  of  Fahrenheit  has  been  found  to  be  1090  feet  in  a 
second,  and  since  the  velocity  increases  1.14  feet  for  every  degree  of 
Fahrenheit's  scale,  if  we  know  the  temperature  of  the  room,  and  that 
of  the  heated  current,  the  amount  of  angular  refraction  can  be  ascer- 
tained. But  since  the  ear  does  not  readily  judge  of  the  difference  of 
direction  of  two  sounds  emanating  from  the  same  source,  and  since 
two  rays  do  not  confuse  the  impression  which  they  produce  upon  the 
ear,  though  they  arrive  by  very  different  routes,  provided  they  are 
within  the  limit  of  perceptibility,  we  may  therefore  conclude  that  the 
indistinctness  produced  by  refraction  is  comparatively  little.  Professor 
Bache  and  myself  could  perceive  no  difference  in  distinctness  in  hear- 
ing from  rays  of  sound  passing  over  a  chandelier  of  the  largest  size, 
in  which  a  large  number  of  gas  jets  were  in  full  combustion.  The 
fact  of  disturbance  from  this  cause,  however,  if  any  exist,  may  best  be 
determined  by  the  experiment  with  a  parabolic  mirror  and  the  hearing- 
trumpet  before  described. 

These  researches  may  be  much  extended  :  they  open  a  field  of  in- 
vestigation equally  interesting  to  the  lover  of  abstract  science  and  to 
the  practical  builder ;  and  I  hope,  in  behalf  of  the  committee,  to  give 
some  further  facts  with  regard  to  this  subject  at  another  meeting. 

I  will  now  briefly  describe  the  lecture-room  which  has  been  con- 
structed in  accordance  with  the  facts  and  principles  previously  stated, 
so  far  at  least  as  they  could  be  applied. 

There  was  another  object  kept  in  view  in  the  construction  of  this 
room  besides  the  accurate  hearing,  namely,  the  distinct  seeing.  It  was 
desirable  that  every  person  should  have  an  opportunity  of  seeing  the 
experiments  which  might  be  performed,  as  well  as  of  hearing  distinctly 
the  explanation  of  them. 

By  a  fortunate  coincidence  of  principle,  it  happens  that  the  arrange- 
ments for  insuring  unobstructed  sight  do  not  interfere  with  those 
necessary  for  distinct  hearing. 

The  law  of  (Congress  authorizing  the  establishment  of  the  Smith- 
sonian Institution  directed  that  a  lecture-room  should  be  provided ;  and 
12 
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accordingly  in  the  first  plan  one  half  of  the  first  stoiy  of  the  main 
building  was  devoted  to  this  purpose.  It  was  found,  however,  impos- 
sible to  construct  a  room  on  acoustic  principles  in  this  part  of  the 
building,  which  was  necessarily  occupied  by  two  rows  of  columns. 
The  only  suitable  place  which  could  be  found  was  therefore  on  the 
second  floor.  The  main  building  is  two  hundred  feet  long  and  fifty 
feet  wide ;  but  by  placing  the  lecture-room  in  the  middle  of  the  story 
a  greater  width  was  obtained  by  means  of  the  projecting  towers.  The 
general  form  and  arrangement  of  the  room  will  be  understood  from  the 
accompanying  drawing. 

It  is  one  hundred  feet  from  A  to  B,  and  on  the  ground  floor  seventy- 
five  feet  from  C  to  D.  E  F  represents  a  small  gallery  in  a  projection 
into  the  rear  tower.  The  main  gallery  is  in  the  form  of  a  horseshoe, 
and  occupies  three  sides  of  the  room.  The  speaker^s  platform  is  placed 
between  two  oblique  walls,  H  I  J  K.  The  comers  of  the  room  which 
are  cut  ofl*  by  these  walls  aflbrd  recesses  for  the  stairs  into  the  galleries. 
The  opposite  comers  are  also  partitioned  ofiT,  so  as  to  afford  recesses 
for  the  same  purpose. 

The  ceiling  is  twenty-five  feet  high,  and  therefore  within  the  limit 
of  perceptibility.  It  is  perfectly  smooth  and  unbroken,  with  the  ex- 
ception of  an  oval  opening  nearly  over  the  speaker^s  platform,  throu^ 
which  light  is  admitted. 

The  seats  are  arranged  in  curves,  and  were  intended  to  rise  in 
accordance  with  the  panoptic  curve^  originally  proposed  by  Profes- 
sor Bache,  which  enables  each  individual  to  see  over  the  head  of  the 
person  immediately  in  front  of  him.  The  original  form  of  the  room, 
however,  did  not  allow  of  this  intention  being  fully  realized,  and 
therefore  the  rise  is  somewhat  less  than  the  curve  would  indicate. 
The  general  appearance  of  the  room  is  somewhat  fan-shaped,  and  the 
speaker  is  placed  as  it  were  in  the  mouth  of  an  immense  trumpet. 
The  sound  directly  from  his  voice,  and  that  from  reflection  immediately 
behind  him,  is  thrown  forward  upon  the  audience;  and  as  the  differ- 
ence of  distance  travelled  by  the  two  rays  is  much  within  the  limit 
of  perceptibility,  no  confusion  is  produced  by  direct  and  reflected 
sound. 

No  echo  is  given  off  from  the  ceiling,  for  this  is  also  within  the  limit 
of  perceptibility,  while  it  assists  the  hearing  in  the  gallery  by  the  re- 
flection to  that  place  of  the  oblique  rays. 
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Again,  on  account  of  the  oblique  walls  behind  the  speaker,  and  the 
multitude  of  surfaces,  including  the  gallery,  pillars,  stair-screens,  &c., 
as  well  as  the  audience,  directly  in  front,  all  reverberation  is  stopped. 

The  walls  behind  the  speaker  are  composed  of  lath  and  plaster,  and 
therefore  have  a  tendency  to  give  a  more  intense,  though  less  pro- 
longed, sound  than  if  of  solid  masonry.  They  are  also  intended  for 
exhibiting  drawings  to  the  best  advantage. 

The  architecture  of  this  room  is  due  to  Captain  Alexander,  of  the 
corps  of  Topographical  Engineers.  He  fully  appreciated  all  the 
principles  of  sound  which  I  have  given,  and  varied  his  plans  until  all 
the  required  conditions,  as  far  as  possible,  were  fulfilled. 


3.  Account  of  a  large  Sttlphitric-Acid  Barometer  in  the  Hall 
OF  the  Smithsonian  Institution.  By  Professor  Joseph  Hen- 
ry, of  Washington,  D.  C. 

The  opinion  has  been  frequently  advanced,  that  a  barometer  in 
which  the  material  used  to  balance  the  pressure  of  the  atmosphere  is 
of  less  specific  gravity  than  mercury,  and  consequently  of  a  wider 
range  of  fluctuation,  might  throw  some  new  light  on  several  important 
points  of  Meteorology.  The  fluid  usually  proposed  for  this  purpose 
has  been  oil  or  water ;  the  viscid  character  of  the  former,  and  its  ten- 
dency to  a  change  of  condition,  has  induced  a  preference  for  the  latter. 
Several  water-barometers  have  accordingly  been  constructed ;  but,  as 
far  as  I  am  informed,  the  indications  of  the  instruments  have  not  been 
reliable. 

Mariotte  used  one  of  this  character ;  also  Otto  von  Guericke  con- 
structed a  philosophical  toy,  to  which  he  gave  the  name  of  anemoscope, 
or  semper  virum^  on  the  principle  of  a  water-barometer.  It  consisted 
of  a  tube  more  than  thirty  feet  high,  elevated  on  a  long  wall,  and  ter- 
minated by  a  tall  and  rather  wide  glass  cylinder,  hermetically  sealed, 
in  which  was  placed  a  toy  in  the  shape  of  a  man.  All  the  tube  except 
a  portion  of  the  cylindrical  part  was  concealed  behind  the  wainscoting, 
and  consequently  the  little  image  made  its  appearance  only  in  fine 
weather. 

A   water-barometer  was  constructed    by  Professor  Daniell,  and 
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placed  in  the  hall  of  the  Royal  Society,  of  which  a  full  account  has 
been  published  in  the  Transactions  of  that  institution.  A  minute  ac- 
count is  given  of  the  method  of  blowing  the  tube,  and  the  details  of 
permanently  fastening  it  in  the  box  which  was  to  form  the  case.  The 
tube  was  lefl  open  at  both  ends  ;  to  the  upper  one  a  stop-cock  was  at- 
tached, and  the  lower  one  was  inserted  in  a  small  steam-boiler,  which 
served  the  purpose  of  boiling  the  water,  to  expel  all  the  air,  of  elevat- 
ing it  to  the  proper  height  by  means  of  the  elastic  force  of  the  steam, 
and  also  as  a  permanent  cistern  to  the  barofneter.  Afler  the  water 
was  forced  to  the  top  and  issued  from  the  stop-cock  in  a  jet,  the  latter 
was  closed  ;  the  stop-cock  in  the  boiler  was  opened,  steam  suffered  to 
escape,  and  the  water  to  settle  in  the  tube  until  balanced  by  the  pres- 
sure of  air.  The  upper  part  of  the  glass  under  the  stop-cock,  which 
had  previously  been  drawn  out  into  a  fine  tube,  was  gradually  heated 
by  a  blow-pipe,  and  as  soon  as  it  was  sufficiently  softened  the  pressure 
of  the  air  effectually  closed  it.  The  part  above  the  stop-cock  was  then 
removed  with  a  file.  This  barometer  was  completed,  afler  adjusting 
the  scale,  by  pouring  a  quantity  of  castor-oil  on  the  surface  of  the 
water  to  prevent  contact  with  the  air. 

After  a  series  of  observations,  however,  it  was  found  in  the  course 
of  about  three  months  that  the  column  of  water  was  gradually  descend- 
ing, and  it  was  finally  resolved  to  open  the  boiler  and  to  examine  the 
instrument.  The  oil  upon  the  surface  was  found  to  have  undei^ne 
a  change,  though  the  water  below  was  perfectly  bright  and  transparent 
A  portion  of  the  water  was  taken  out  and  placed  under  the  receiver  of 
an  air-pump,  and  bubbles  of  air  in  abundance  were  extricated ;  the 
air  was  absorbed  by  the  water,  diffused  through  the  whole  mass  to  the 
top,  where  it  was  given  off  to  the  vacuum,  and  thus  caused  the  gradual 
descent  of  the  column.  It  was  however  found  it  was  not  atmospheric 
air  in  the  vacuum,  but  nearly  pure  nitrogen ;  the  oxygen  had  been 
absorbed  in  passing  through  the  oil,  producing  rancidity  and  other 
changes  in  that  liquid. 

It  was  evident  from  this  experiment,  that  oil  was  not  impervious  to 
air.  Another  attempt  to  remedy  this  defect  of  the  instrument  was 
made  by  using  a  thin  film  of  gutta-percha,  to  be  left  after  the  evapo- 
ration of  the  naphtha  in  which  it  had  been  dissolved. 

An  objection,  however,  to  the  use  of  water  as  the  liquid  for  the 
barometer,  is  the  vapor  which  it  always  gives  off,  and  of  which  the 
tension  cannot  readily  be  determined.    In  a  glass  vessel,  in  which  a 
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cup  of  water  is  enclosed,  Professor  Espy  informs  me  that  he  has 
found  the  dew-point  always  less  than  that  which  would  be  due  to  the 
temperature. 

Desiring  to  fit  up  a  barometer  on  a  large  scale,  as  one  of  the  objects 
of  interest  and  use  in  the  Smithsonian  Institution,  I  consulted  my  friend 
Professor  Schaefier  of  the  Patent  Office  as  to  the  best  liquid  to  be  em- 
ployed. He  advised  the  use  of  sulphuric  acid,  but  I  did  not  immedi* 
ately  adopt  this  advice,  on  account  of  the  apparently  dangerous  charac- 
ter of  this  substance.  Happening,  however,  some  time  afterwards  to  be 
speaking  on  the  subject  of  barometers  with  Mr.  James  Green,  the  in- 
strument-maker, in  the  presence  of  Professor  Ellet  of  New  York,  the 
latter  asked  why  I  did  not  have  a  large  one  constructed  with  sulphuric 
acid.  The  suggestion  having  thus  again  been  independently  made,  and 
Mr.  Green  expressing  his  willingness  to  undertake  the  work,  I  gave  the 
order  for  the  construction  of  the  instrument,  and  requested  Professor 
Ellet  to  give  any  suggestions  as  to  the  details  which  might  be  required. 

The  advantages  of  this  liquid  are: — 1.  That  it  gives  off  no 
appreciable  vapor  at  any  atmospheric  temperature;  and  2.  That 
it  does  not  absorb  or  transmit  air.  The  objections  to  its  use 
are:-:— 1.  The  liability  to  accident  from  the  corrosive  nature  of 
the  liquid,  either  ui  the  filling  of  the  tube  or  in  its  subsequent  break- 
age ;  and,  2.  Its  affinity  for  moisture,  which  tends  to  produce  a 
change  in  specific  gravity.  The  filling,  however,  is  a  simple  process, 
and  attended  with  but  little,  if  any,  risk.  The  acid  can  gradually  be 
poured  into  the  tube  while  in  its  case,  slightly  inclined  to  the  horizon. 
Any  accident  from  breakage  can  be  prevented  by  properly  securing 
the  whole  instrument  in  an  outer  case,  which  will  also  serve  to  equal- 
ize the  temperature.  To  prevent  the  absorption  of  moisture,  the  air 
may  be  previously  passed  through  a  drying  tube  apparatus.  The  only 
point  in  which  water  would  be  preferable  to  sulphuric  acid  is  the  less 
specific  gravity  of  the  former,  and  consequently  the  greater  range  of 
its  fluctuation,  which  is  as  20  :  11,  nearly. 

The  general  appearance  of  the  instrument,  and  the  several  contriv- 
ances for  adjustment  and  reading,  are  in  accordance  with  the  reputa- 
tion of  the  skilful  and  intelligent  artist  who  made  it.  The  glass  tube 
is  two  hundred  and  forty  inches  long,  and  three  fourths  of  an  inch 
in  diameter,  and  is  enclosed  in  a  cylindrical  brass  case  of  the  same 
length,  and  two  and  a  half  inches  in  diameter.  The  glass  tube  is  se- 
12  • 
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cured  in  the  axis  of  the  hrass  case  hy  a  number  of  cork  collars,  placed 
at  intervals ;  which,  while  they  prevent  all  lateral  displacement  of  the 
tube,  enable  it  to  be  moved  upwards  and  downwards  for  the  adjust- 
ment  of  the  zero-point. 

The  reservoir  consists  of  a  cylindrical  glass  bottle,  of  four  inches  in 
diameter,  with  two  openings  at  the  top ;  one  in  the  axis  to  admit  the 
lower  end  of  the  long  tube,  which  is  tapered  to  about  one  half  of  the 
general  diameter,  the  other  to  transmit  the  varying  pressure  of  the 
atmosphere. 

To  adjust  the  zero-point,  the  whole  glass  part  of  the  apparatus,  to- 
gether with  the  contained  acid,  is  elevated  or  depressed  by  a  screw, 
placed  under  the  bottom,  until  the  level  of  the  acid  in  the  reservoir  co- 
incides with  a  fixed  mark. 

The  scale  for  reading  the  elevation  is  divided  into  inches  and  tenths, 
and  by  means  of  a  vernier,  moved  by  a  rack  and  pinion,  the  variations 
can  be  measured  to  a  hundredth  of  an  inch,  and  estimated  to  a  still 
smaller  division. 

The  vernier  itself  is  not  immediately  attached  to  the  cylindrical 
brass  case,  but  to  a  sliding  frame,  which  can  be  moved  along  the 
whole  opening  through  which  the  entire  range  of  the  column  is  ob- 
served. The  motion  of  the  frame  enables  us  to  make  the  first  rough 
adjustment,  and  that  of  the  rack  and  pinion  the  minute  one. 

The  drying  apparatus,  placed  between  the  external  air  and  the  inte- 
rior of  the  reservoir,  consists  of  a  tubulated  bottle  with  two  openings 
containing  chloride  of  calcium,  and  connected  with  the  reservoir  by  an 
India-rubber  tube,  by  which  arrangement  the  air  is  deprived  of  its 
moisture. 

To  ascertain  the  temperature  of  the  column  of  the  liquid,  two  ther- 
mometers are  attached,  one  at  the  top  and  the  other  near  the  bottom. 

The  whole  apparatus  is  enclosed  in  an  outer  glazed  case  of  twelve 
inches  square,  which  serves,  as  mentioned  before,  as  well  for  protec- 
tion as  for  equalizing  the  temperature,  which  is  with  sufRcient  accu- 
racy ascertained  by  taking  the  mean  of  the  two  thermometers. 

A  large  correction  is  required  in  this  barometer  for  the  expansion 
and  contraction  by  the  changes  of  temperature.  To  determine  the 
amount  of  this,  the  specific  gravity  of  a  quantity  of  the  acid  with  which 
the  barometer  had  been  filled  was  taken  at  different  temperatures. 
This  process  was  performed  with  a  very  sensitive  balance,  by  Dr. 
Easter,  in  the  laboratory  of  the  Institution. 
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3.  Some  Experiments  on  Visual  Direction.    By  Professor  John 
Brocklesby,  of  Trinity  College,  Hartford,  Ct. 

Some  years  ago  I  met  with  a  brief  allusion  to  the  existence  of  an 
"  Essay  on  Single  Vision,"  published  by  Dr.  Woodhouse  in  the  Phi- 
losophical Magazine.  In  this  treatise,  it  seems,  the  author  endeavors 
to  prove  from  certain  experiments  and  physiological  considerations, 
that  one  eye  is  wholly  occupied  with  vision,  while  the  other  is  nearly 
or  entirely  passive.  My  attention  was  arrested  by  this  inference,  and 
as  the  essay,  with  its  detailed  experiments,  was  not  accessible,  I  was 
led  to  make  some  investigations  upon  this  point,  and  on  others  kindred 
to  it.  These  investigations,  and  the  conclusions  to  which  they  lead, 
are  the  subject  of  the  present  paper.  It  is  well  known,  that  if,  while 
looking  at  a  remote  object  with  both  eyes  open,  we  interpose  a  second 
at  a  short  distance  from  us,  the  latter  will  appear  double ;  the  image 
formed  by  the  right  eye  being  seen  towards  the  lefl  hand,  and  that 
formed  by  the  left  towards  the  right  hand ;  the  proximity  of  the  ima- 
ges depending  upon  the  magnitude  of  the  interposed  body,  and  its  dis- 
tance from  the  eyes.  As  we  cannot,  at  the  same  time,  range  both  the 
separate  images  of  the  nearest  object  with  the  remote  one,  and  yet  as 
a  matter  of  fact  we  do  in  some  way  range  objects  thus  situated,  when 
both  eyes  are  open,  it  follows  that  a  solution  of  this  point  touches  on 
the  one  in  question.  In  order  to  ascertain  in  what  manner  I  was  ena- 
bled to  range  objects  at  different  distances  by  double  vision,  I  instituted 
the  following  personal  experiments.  How  far  the  results  obtained  are 
to  be  regarded  as  general,  will  appear  in  the  subsequent  pages. 

Of  the  Range  of  a  Point  near  the  Eyes  with  an  Object  more  or  less 
remote,  —  If,  with  both  eyes  open,  I  bring  before  me,  beyond  the  limit 
of  distinct  vision,  a  small  point  like  that  of  a  pencil,  and  endeavor  to 
range  it  with  some  object  more  or  less  remote,  as  a  figure  on  a  wall, 
or  the  ball  of  a  spire,  I  find  that  two  images  of  the  point  at  once  ap- 
pear, but  that  the  image  seen  by  the  right  eye  is  immediately  and  in- 
voluntarily selected  as  that  which  ranges  with  the  remote  object. 
This  is  proved  by  the  fact,  that,  if  the  left  eye  is  closed,  the  range  is 
still  preserved;  but  if  the  right  eye  is  closed,  and  the  left  remains  open, 
the  range  is  destroyed,  the  point  being  seen  to  the  right  of  the  dis- 
tant object     Moreover,  if,  reversing  the  experiment,  I  first  bring  the 
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point  and  object  in  a  line  with  the  right  eye  alone,  the  left  being 
closed,  it  is  found  that  they  continue  in  a  range  when  both  eyes  are 
open,  but  that  if  the  range  is  first  taken  with  the  left  eye  only,  and  the 
objects  are  then  viewed  with  both  eyes,  the  range  ceases  to  exist ;  the 
point  being  seen  to  the  left  of  the  remote  object.  These  changes  in 
visual  direction  are  more  marked  when  the  point  is  brought  within  the 
limit  of  distinct  vision,  and  the  second  object  is  a  few  feet  distant. 
Upon  taking  two  or  more  points,  instead  of  one,  and  ranging  them 
with  some  object  at  a  distance,  the  same  results  occur  as  in  the  former 
case.  The  optical  effect,  however,  is  more  striking  than  when  one 
point  is  used,  and  the  power  of  the  right  eye  to  control  the  range  is 
very  evident 

Range  of  a  Straight  Line.  —  Since  an  infinite  number  of  material 
points,  placed  one  behind  the  other,  so  near  as  to  touch,  may  be  re- 
garded as  forming  a  straight  line,  it  might  be  reasonably  inferred  that 
a  straight  line  would  present  the  same  phenomena  in  respect  to  visual 
direction  as  a  point,  or  any  number  of  points.  Experiment  shows  this 
inference  to  be  correct,  for,  upon  ranging  a  line,  as  the  edge  of  a  rule, 
with  a  second  object,  both  eyes  being  open,  the  range,  upon  closing  the 
left  eye,  is  still  maintained,  but  is  lost  when  the  right  eye  alone  is  closed ; 
the  edge  in  the  last  case  not  being  seen  in  the  direction  of  its  length, 
but  obliquely.  If,  also,  as  before,  the  range  is  first  taken  with  the  right 
eye,  it  is  preserved  when  both  eyes  are  open  ;  but  if  with  the  left,  it  is 
apparently  lost  when  viewed  with  both  eyes. 

Range  of  a  Surface.  —  If  similar  experiments  to  those  just  detailed 
are  made  with  a  surface  of  small  extent,  the  same  prevailing  power  of 
the  right  eye  to  control  the  visual  direction  is  still  manifested,  but  is 
most  strikingly  exhibited  when  several  surfaces  are  made  to  range 
with  a  fixed  object.  Thus,  if  a  number  of  bright  objects  are  taken,  as 
the  flames  of  several  candles,  the  ruling  power  of  the  right  eye  is 
finely  revealed,  by  first  ranging  the  flames  in  a  line  with  both  eyes, 
and  then  beholding  them  with  each  eye  alone. 

Range  of  a  Solid.  —  By  the  union  of  numerous  material  surfaces, 
equal  each  to  each,  and  having  their  centres  in  the  same  straight  line, 
solid  cylinders  and  prisms  may  be  formed,  and  the  same  law  of  visual 
direction  that  belongs  to  these  surfaces  belongs  also  to  the  solids  that 
they  compose.  For  if  a  small  straight  rod  is  sighted,  in  the  direction 
of  its  length,  with  a  second  object,  in  the  various  ways  that  have  been 
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mentiooed,  the  range  is  the  same  when  it  is  viewed  in  succession  by 
the  right  eye  and  by  both  eyes ;  but  different  when  the  left  is  used 
instead  of  the  right. 

Range  of  an  Opening.  — If  a  ring  is  taken,  or  a  card  with  an  open- 
ing in  it,  and  the  card  is  so  held  that  I  look  through  the  opening 
at  some  distant  object,  both  eyes  being  open,  the  two  images  of 
the  opening  formed  by  the  eyes  are  readily  perceived,  but  it  is  only 
through  that  which  belongs  to  the  right  eye  that  the  object  is  seen ; 
for  if  the  left  is  closed,  the  object  is  still  visible  through  the  opening ; 
but  if  the  right  is  closed  and  the  left  is  open,  it  is  no  longer  seen  through 
the  orifice.  If  the  range  at  first  is  taken  with  the  right  eye,  there  is 
no  shifting  of  the  visible  direction  of  the  object  when  both  eyes  are 
employed  in  vision,  the  left  coming  to  the  aid  of  the  right.  But  when 
the  range  at  the  outset  is  taken  with  the  left  eye,  and  the  right  is  then 
opened,  the  influence  of  the  left  eye  upon  the  range  is  very  feeble,  and 
seems  almost  destroyed  by  the  power  of  the  right. 

If,  instead  of  one  perforated  card,  two  or  three  are  employed  at  the 
same  time,  the  object  being  viewed  through  the  cards  placed  one  be- 
hind the  other,  the  influence  of  the  right  eye  is  rendered  more  evident. 
For  when  the  object  is  first  seen  through  the  several  openings  with 
both  eyes  open,  upon  closing  the  right,  not  only  does  the  object  become 
invisible,  but  some  of  the  openings  also ;  for  instance,  I  may  see 
through  the  opening  of  the  first  card  the  unbroken  face  of  the  second, 
the  orifice  in  the  latter  being  out  of  sight. 

Range  of  a  Tube,  —  A  tube  may  be  regarded  as  composed  of  a  num- 
ber of  material  rings ;  it  might  therefore  be  expected  to  present  the 
same  visual  phenomena  as  orifices  and  rings,  and  such  is  found  to  be 
the  case  upon  looking  through  a  tube  at  a  distant  object,  in  the  different 
ways  that  have  been  mentioned. 

By  directing  especial  attention  to  the  left  eye,  it  may  be  made  to  con- 
trol the  range  instead  of  the  right,  and  objects  can  be  seen  by  it  in  the 
same  direction  as  when  viewed  by  both  eyes ;  but  this  control  ceases 
with  the  particular  effort  of  the  will  that  calls  the  eye  to  discharge  an 
unusual  duty.  On  the  other  hand,  in  the  normal  condition  of  vision, 
when  objects  are  viewed  without  any  special  exertion  of  the  will,  I  find 
from  the  experiments  detailed,  that,  on  account  of  habit  or  otherwise, 
I  invariably  neglect  the  image  formed  by  the  left  eye  and  take  that  be- 
longing to  the  right ;  and  that  the  visual  direction  of  points^  lines^  sur- 
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fiUM^  and  golids^  near  to  the  observer,  is  always  determined  by  the 
right  eye. 

But  a  question  arises,  Is  this  dominant  power  of  the  right  eye  a 
peculiarity  of  the  individual,  like  Daltonism,  or  is  it  generally  true  ? 
In  reply,  I  would  state  that  I  have  been  accustomed  for  a  length  of 
time  to  propose  some  of  the  preceding  experiments  to  diflferent  indi« 
viduals,  and  the  result  has  almost  invariably  been,  that,  when  both 
eyes  are  open,  the  right  eye  determines  the  visual  direction  of  near 
objects.  Out  of  as  many  as  seventy  or  eighty  cases,  not  more  than 
three  or  four  exceptions  from  this  rule  have  been  detected.  In  one  of 
these  exceptions  the  right  eye  was  weaker  than  the  left,  and  the  latter 
discharged  the  functions  of  the  former  in  the  aforesaid  experiments, 
and  vice  versa.  Another  exception  occurs  in  the  case  of  a  civil  engi- 
neer, who  is  accustomed  to  sight  objects  with  both  eyes  open,  by 
glancing  suddenly  from  one  to  the  other.  In  this  instance,  the  ob- 
server, when  ranging  a  near  object  with  a  distant  one,  with  both  eyes 
open,  finds  the  image  of  the  former  to  be  situated  half-way  between 
its  two  positions  as  beheld  with  each  eye  separately. 

In  view  of  these  facts,  I  am  inclined  to  believe  that  most  persons, 
when  they  gaze  upon  a  near  object  with  both  eyes  open,  habitually 
neglect  the  image  formed  by  the  left  eye,  and  employ  that  of  the  right 
to  fix  the  visual  direction,  —  in  fact,  that  we  are  right-eyed.  More- 
over, that  cases  sometimes  occur  where  the  left  eye  is  used  for  this 
purpose,  and  in  such  exceptional  instances  the  observers  may  be 
termed  left-eyed, 

A  boy  shoots  marbles  with  both  eyes  open,  and  a  sportsman  not 
unfrequently  brings  down  his  game  in  the  same  manner ;  but  I  ap- 
prehend that  in  both  instances  the  aim  is  as  truly  taken  as  if  one 
eye  was  shut,  and  that  either  the  right  eye  or  the  left  gives  the  range, 
while  the  other  is  passive. 

If  it  is  true  that  the  right  eye,  under  the  circumstances  mentioned, 
possesses  a  superiority  over  the  other,  the  fact  would  be  in  strict  ac- 
cordance with  some  other  physiological  phenomena.  We  are  all 
aware  of  the  pre-emmence  which  the  right  hand  has  over  the  left, 
either  from  habit  or  otherwise,  —  how  much  more  ready  and  quick  it 
is  in  all  its  motions,  being  the  first  to  advance  whenever  the  hand  is 
needed.  So  marked  is  this  characteristic,  that  we  term  expertness 
and  activity  of  manipulation  dexterity.    Right-handedness  constitutes 
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the  law,  left-handedness  the  exception.  The  same  fact  is  observed 
in  respect  to  the  feet  In  the  game  of  football,  for  instance,  the  right 
foot  naturally  comes  first  into  play,  and  is  decidedly  more  active  than 
the  other.  The  superiority  of  one  organ  of  vision  over  the  other  would 
not,  therefore,  constitute  an  anomaly ;  neither  would  it  be  surprising  if 
the  same  phenomenon  should  be  found  to  exist  in  respect  to  one  or 
more  of  the  other  senses. 

While  making  some  of  the  preceding  experiments,  it  occurred  to  me 
that  there  might  possibly  exist  such  a  sympathy  between  the  eyes  and 
the  hands  that  the  right  hand  acts  in  umson  with  the  right  eye, 
and  the  left  hand  with  the  left  eye ;  so  that  a  left-handed  person  would 
be  found  to  be  left-eyed,  and  a  right-handed  right-eyed.  In  order  to 
solve  this  point  I  had  recourse  to  one  who  was  a  skilful  blacksmith, 
and  who  used  his  left  hand  exclusively  in  wielding  the  hammer ;  but 
in  this  case  it  also  happened,  as  in  those  of  right-handed  persons,  that 
the  right  eye  took  precedence  of  the  left,  and  the  supposed  unison  of 
action  did  not  exist. 

Thus  far,  the  visual  direction  of  a  near  with  a  distant  object  has 
only  been  considered ;  but  this  point  may  be  examined  still  further, 
both  in  reference  to  two  remote  objects  and  to  the  extent  of  range 
when  we  look  through  an  opening.  If  a  surface  of  considerable  ex- 
tent, as  a  board  a  foot  wide  or  more,  is  placed  at  a  moderate  distance 
from  the  observer,  for  instance  sixty  or  seventy  feet,  and  this  surface 
is  projected  upon  the  wall  of  a  building  at  some  distance  behind,  I  find 
that  the  space  on  the  building  which  the  board  conceals  is  not,  as  in 
the  case  of  a  near  object,  limited  by  the  right  eye,  but  is  determined 
as  follows.  A  line  drawn  from  the  right  eye  to  the  right-hand  edge  of 
the  board  and  continued  to  the  wall  fixes,  in  the  normal  state  of  vision, 
the  right-hand  limit  of  the  concealed  portion  of  the  wall ;  and  a  line 
drawn  from  the  left  eye  to  the  left-hand  edge  of  the  board,  and  pro- 
duced to  the  wall,  determines  also  the  left-hand  limit  of  the  hidden 
surface.  For,  having  first  projected  the  board  upon  the  wall  with 
both  eyes,  I  find  that,  upon  closing  the  right  eye  and  viewing  the 
board  with  the  left,  the  right-hand  edge  shifts  to  the  right,  while  the 
left-hand  edge  is  unchanged  in  position ;  and  that,  when  the  right  eye 
is  open  and  the  left  closed,  the  left-hand  edge  shifts  to  the  left,  but  the 
other  edge  keeps  its  first  place.  When  therefore  both  eyes  are  open, 
the  right  controls  the  visual  direction  of  the  right  edge  of  the  board, 
and  the  left  the  left  edge.    This  fact  is  still  further  proved  by  first 
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viewing  the  objects  with  each  eye,  and  then  with  both.  The  horizon- 
tal visual  angle,  therefore,  under  which  the  surface  is  seen  when  both 
eyes  are  open,  is  less  than  that  under  which  it  is  beheld  with  one  eye, 
by  the  amount  of  the  angle  formed  by  drawing  lines  from  each  eye  to 
one  of  the  vertical  edges. 

A  different  rule  appears  to  obtain  in  respect  to  the  horizontal  extent 
of  view  that  occurs  when  we  gaze  through  a  large  opening,  as  a 
window,  upon  the  landscape  before  us.  By  experimenting,  in  the 
way  already  mentioned,  I  find  the  limit  of  vision  to  be  thus  deter- 
mined. A  line  drawn  from  the  right  eye  to  the  left-hand  side  of  the 
window,  and  produced  onward,  gives  the  position  of  the  left-hand 
boundary  of  the  landscape  ;  and  another  line  drawn  from  the  left  eye 
to  the  right-hand  side  of  the  window  determines  the  right-hand 
boundary  of  vision. 

By  comparing  these  results  with  those  immediately  preceding,  it  ap- 
pears that,  when  a  landscape  is  observed  either  through  an  opening  or 
partially  obscured  by  some  intervening  object,  both  eyes  are  employed 
in  fixing  the  limits  of  vision,  but  in  a  different  way,  yet  in  such  a 
manner  that  a  greater  extent  is  seen  with  two  eyes  than  with  one ;  in 
the  first  case,  by  increasing  the  visual  angle  of  the  landscape,  and  in 
the  second,  by  reducing  the  visible  angle  of  the  obscuring  object  to  a 
minimum. 


4.  Redetermination  of   the  Atomic  Weight  of  Lithium.     By 
Professor  J.  W.  Mallet,  of  Alabama. 

A  REVIEW  was  taken  of  the  previous  determinations  of  the  atomic 
weight  of  this  element,  from  which  it  appeared  that  but  two  experi- 
ments deserving  of  confidence  are  on  record,  both  of  which  were 
made  by  the  same  process,  viz.  the  estimation  of  the  sulphuric  acid 
in  sulphate  of  lithia  by  means  of  a  salt  of  baryta.  The  extreme  difii- 
culty  of  removing  by  washing,  from  sulphate  of  baryta,  the  last  traces 
of  the  salt  of  baryta  used  for  precipitation,  was  pointed  out  as  an  objec- 
tion to  this  process,  the  quantity  of  sulphuric  acid  apparently  obtained 
being  rendered  too  high,  and  the  equivalent  of  lithia  being  therefore 
brought  out  less  than  the  true  number. 

The  results  of  three  determinations  of  the  chlorine  contained  in 
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chloride  of  lithium  were  then  given,  —  the  first  and  second  experi- 
ments being  made  by  precipitating  a  weighed  quantity  of  this  salt  with 
nitrate  of  silver,  and  weighing  the  chloride  of  silver  produced,  —  the 
third  experiment  consisting  in  the  addition  to  a  weighed  quantity  of 
Li  CI,  dissolved  in  water,  of  the  solution  in  nitric  acid  of  a  weighed 
quantity  of  pure  silver  (not  sufficient  for  the  complete  precipitation  of 
the  chlorine),  and  the  cautious  addition  to  the  liquid,  from  a  gradu- 
ated pipette,  of  a  very  dilute  solution  of  nitrate  of  silver  of  known 
strength  as  long  as  a  cloud  was  produced.  The  precautions  necessary 
in  the  preparation  of  pure  chloride  of  lithium  were  noticed. 

The  actual  results  obtained  were,  —  7.1885  grm.  of  Li  CI  gave 
24.3086  grm.  of  AgCl;  8.5947  grm.  of  Li  CI  gave  29.0621  grm.  of 
AgCI ;  and  3.9942  grm.  of  Li  CI  required  for  precipitation  10.1702 
grm.  of  Ag. 

Hence  the  atomic  weights,  — 

1st    86.93 
2d.     86.96 
3d.     86.78 
or,  as  the  mean,  86.89  on  the  oxygen  scale,  —  a  number  decidedly 
higher  than  that  previously  adopted   for  lithium,  but  believed  to  be 
deserving  of  more  confidence  from  the  nature  of  the  process  pursued 
and  the  large  quantity  of  the  salt  of  lithia  employed  in  the  present  de- 
termination. 


5.  Ammonia  in  the  Atmosphere.    By   Professor  E.  N.  Hors- 
FORI),  of  Cambridge. 

At  the  New  Haven  meeting  of  the  American  Association  in  1850, 
I  submitted  a  paper  upon  the  Ammonia  in  the  Atmosphere,  the  con- 
clusions of  which,  later  research,  in  the  course  of  the  same  year,  satis- 
fied me  were  radically  erroneous.  Before  the  meeting  of  1851  I 
made  a  new  series  of  determinations,  extending  from  March  1st, 
down  to  June  20th,  with  every  precaution  to  secure  accuracy  which  I 
could  devise.  I  felt,  however,  reluctant  to  publish  the  results  without 
being  able  to  show  wherein  the  error  of  the  previous  research  con- 
13 
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sisted.*     iThe  source  of  error  having  since  revealed  itself,  I  ask  to  lay 
the  correction  before  the  Association. 

The  chief  points  noticed  in  the  research  of  1849-50  were  the  in- 
fluence of  the  direction  of  the  wind  upon  the  quantities  of  ammonia 
observed  in  the  air,  and  the  large  amount  of  ammonia.  Both  these 
supposed  facts  were  based  upon  an  error  in  the  process,  which  I  did 
not  fairly  and  fully  take  into  account  until  recently.  I  had  removed 
the  bottles  containing  ammonia  compounds  from  the  room  in  which 
the  determinations  were  made,  and  had  taken  such  other  precaution- 
ary measures  to  insure  reliable  results  as  I  could  devise,  but  one  im- 
portant one  escaped  me. 

To  increase  the  extent  of  absorbing  surface  in  the  flasks  employed, 
I  spread  over  the  interior  flocculent  asbesots.  At  the  conclusion  of 
each  determination,  the  contents  of  the  flasks,  including  the  asbestos, 
were  thrown  upon  a  filter.  This  filter  was  washed  till  the  wash-water 
gave  no  reaction  with  nitrate  of  silver.  Meanwhile  another  portion  of 
asbestos  had  been  introduced  into  the  flasks,  and  a  new  determination 
commenced.  The  first  portion  of  asbestos,  with  the  hydrochloric  acid, 
which  could  not  be  entirely  washed  out,  remained  several  days  ex- 
posed to  the  air,  absorbing  ammonia  from  the  atmosphere,  and  this 
asbestos  was  in  its  turn,  without  igniiiorij  returned  to  the  flasks,  and 
of  course  contributed  its  ammonia  in  the  form  of  chloride  to  the  next 
determination.  The  paper-filter,  too,  was  not  renewed  except  at  con- 
siderable intervals,  and  this,  with  its  sal  ammoniac,  augmented  the 
amount  of  error.  It  will  be  seen  that  the  amounts  of  ammonia  would 
be  exponents  of  the  temperature,  and  thus,  to  a  certain  extent,  in  keep- 
ing with  the  direction  of  the  wind,  which  was  one  of  the  striking  re- 
sults in  my  former  paper. 

The  general  method  observed  in  my  second  series  was  the  same  as 
in  the  first,  and  that  which  has  been  pursued  by  all  who  have  made 
this  class  of  determinations.  A  known  volume  of  air  was  conducted 
through  a  series  of  flasks  containing  hydrochloric  acid,  by  means  of 
an  aspirator. 

My  series  consisted  of  six  flasks,  with  slender  necks,  and  of  the 
shape  and  capacity  of  those  used  for  determinations  of  chloride  of  sil- 

*  J.  Pierre,  the  average  of  whose  final  determinations  corresponds  almost  pre- 
cisely with  that  of  my  last  series,  was  unable  to  see  wherein  the  error  of  his  first 
determinations  consisted. 
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ver.  The  flask  nearest  the  aspirator  contained  water  only.  The 
tuhe  from  this  flask  to  the  next  in  succession  dipped  below  the  sur- 
face of  the  diluted  hydrochloric  acid  which  the  flask  contained.  The 
next  flask  contained  a  little  diluted  hydrochloric  acid.  The  next  con- 
tained acid  a  little  more  concentrated;  the  next,  a  few  drops  of 
highly  concentrated  acid ;  and  the  next,  water,  under  the  surface  of 
which  passed  the  tube  communicating  with  the  preceding  flask. 

The  aspirator  was  a  cask  of  about  twenty  gallons'  capacity.  Of  this 
description  there  were  three,  placed  for  convenience  on  little  platforms 
mounted  on  castors.  The  water  was  permitted  to  flow  slowly  from  a 
cock  into  a  glass  jar,  the  capacity  of  which  in  cubic  centimetres  to  a 
point  in  the  neck  had  been  accurately  ascertained. 

Two  determinations  were  usually  carried  forward  simultaneously,  in 
all  respects  under  the  same  circumstances  of  arrangement,  time,  and 
quantity. 

The  capacity  of  the  glass  jars  employed  was  4260  cc.  for  each,  and 
they  were  filled  in  all  from  50  to  240  times  for  each  determination. 
That  is,  the  amount  of  air  drawn  through  the  aspirator  was  from 
50  X  4260  =  213,000  cc.  to  240  X  4260  =  1,022,400  cc. 

At  the  conclusion  of  the  process  the  flasks  were  carefully  rinsed 
out,  the  contents  poured  upon  a  filter,  and  the  filtrate  carried  down 
with  a  few  drops  of  platinum  solution  over  a  water-bath  nearly  to  dry- 
ness, the  precipitate  treated  with  alcohol,  and  brought  on  a  weighed 
filter. 

The  first  determination,  on  March  1st,  gave  for  the  platinum  precip- 
itate 0.0530  gr.  for  50  X  4260  cc. 

The  next  two  made  simultaneously  for  the  same  volume  of  air,  on 
March  15th,  gave  1.  =  0.0298  gr. 


2=0  0584  "    '  difference  0.0286. 


The  next  two,  on 

March  30th,  gave  3.  =  0.0570  " 


4.  =  0.0594  "  '  ^'^^^' 

The  next  two,  on 

April  3d,  gave       5.  =  0.0764  "  , 

6.  =  0.0755  "  )  u.uuuy. 

These  great  contrasts  pointed  to  the  necessity  of  observing  many 
particulars  in  the  mode  of  determination  which  in  common  quantita- 
tive analysis  are  usually  dispensed  with.  The  sources  of  error  were 
various. 
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The  quantity  of  distilled  water  employed  in  rinsing  out  the  appara- 
tus had  not  been  invariably  and  precisely  the  same.  The  hydrochlo- 
ric acid  and  bichloride  of  platinum  had  not  been  rigidly  the  same  in 
quantity,  and  the  am#unt  of  ammonia  present  in  them,  though  once 
before  ascertained,  and  found  to  be  quite  insignificant,  was  again  de- 
termined, and  found  to  be  very  considerable. 

600  cc.  of  distilled  water,  and  20  cc.  of  hydrochloric  acid,  being 
about  the  quantity  employed,  and  the  usual  quantity  of  platinum  solu- 
tion, were  evaporated  over  a  water-bath,  and  gave  a  precipitate  of 
0.0699  gr.,  which  at  once  showed  the  preceding  determinations  to  be 
of  no  value. 

The  following  precautions  and  modifications  were  then  adopted. 

1st.  The  distilled  water  employed  was  prepared  by  slowly  distilling 
from  water  to  which  sulphuric  acid  had  been  added. 

2d.  The  hydrochloric  acid  was  prepared  in  the  usual  manner,  em- 
ploying the  above  distilled  water. 

3d.  The  filters,  hitherto  dried  in  the  common  steam-chamber  for  an 
invariable  length  of  time,  were  now  dried  in  a  Rammelsberg^s  desic- 
cator for  two  hours,  at  a  temperature  not  exceeding  100°  C,  and  then 
for  one  half-hour  at  120**  C. 

4th.  The  filter  was  dried  and  weighed  in  an  arrangement  of  glass 
tubes,  one  sliding  within  the  other,  open  while  drying,  and  reversed 
and  closed  while  weighing,  so  as  efiectually  to  prevent  the  absorption 
of  moisture  after  the  filter  is  once  properly  dried. 

It  was  ascertained  that  the  filter  and  the  contents  so  confined  did 
not  vary  in  weight  the  amount  of  half  a  milligramme  in  three  days. 

It  was  also  ascertained  by  two  determinations  that  the  weighed  filter, 
after  washing  with  alcohol,  and  subsequent  drying,  as  above  described, 
did  not  change  its  weight  in  the  least. 

When,  after  such  drying,  the  weight  had  been  determined,  and  after 
a  heat  at  120°  for  another  half-hour  had  not  changed  it,  in  the  amount 
of  one  tenth  of  a  milligramme,  it  was  considered  dry. 

5th.  The  quantity  of  water  employed  for  washing  out  the  flasks  was 
accurately  measured  out,  600  cc.  for  each  time. 

6th.  The  evaporation  was  conducted  under  a  sheet  of  filter-paper, 
to  exclude  dust.  The  last  portions  were  evaporated  at  a  temperature 
considerably  below  that  of  boiling  water,  as  experience  had  shown 
that,  without  this  precaution,  some  of  the  precipitate  adhered  to  the 
sides  of  the  evaporating-dish. 
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When  the  total  residue  consisted  of  only  a  few  drops,  alcohol  was 
added. 

7th.  At  the  same  time,  and  observing  all  the  same  precautions,  a 
corresponding  quantity  of  water,  and  the  exact  quantities  of  hydro- 
chloric acid  and  platinum  solution  were  evaporated  down,  and  the 
precipitate  (which  still  amounted  to  an  appreciable  quantity)  deter- 
mined and  subtracted  from  the  other. 

8th.  As  the  quantity  of  ammonia  found  proved  to  be  much  smaller 
than  it  had  before  seemed,  it  was  decided,  instead  of  fiAy  gallons  of 
air,  as  heretofore,  to  run  through  the  apparatus  a  much  larger  quan- 
tity. The  water  from  the  aspirator  was  run  in  the  slenderest  stream, 
considerably  slower  than  before.* 

With  these  precautions,  determinations  were  commenced  anew  at  a 
point  uninfluenced  by  exhalation  from  any  quarter. 

1.  The  two  determinations  made  side  by  side  at  the  same  time, 
with  only  50  X  4260  cc,  gave  respectively  of  platinum  precipitate, 
April  25th,  1.  0.00180  gr.  ) 

2  0  00235  "    I  difference  0.00055,  average  0.002075. 

The  distilled  water  and  reagents  evaporated  gave  a  visible  trace  of 
platinum  precipitate  ;  the  weight  of  the  filter  with  the  precipitate  after 
drying  was,  however,  found  smaller  than  that  of  the  filter  alone,  by 
the  amount  of  0.0012  gr.,  owing  to  the  thermometer  having  once  risen 
above  120°  C.  Estimating  the  precipitate  at  one  fourth  of  a  milli- 
gramme by  comparing  it  with  subsequent  determinations,  and  subtract- 
ing the  weight  from  the  above,  0.002075,  gives  0.001825  as  the  aver- 
age quantity  for  1  and  2.  This,  for  the  sake  of  comparison,  referred 
to  100  jars  of  water  =  100  X  4260,  gives  0.00365  gr.  platinum  pre- 
cipitate. 

*  The  following  precautioDs  may  be  serviceable  to  any  who  may  care  to  repeat 
the  determinations :  — 

1st.  The  paper  used  for  filtering  the  acid  rinsings  shonld  be  renewed  for  each 
determination,  as  the  acid,  which  it  is  quite  impossible  to  remove  entirely  from  the 
paper,  absorbs  ammonia  from  the  air. 

2d.  The  tubes  employed  for  measuring  the  hydrochloric  acid  and  platinnm  solu- 
tion should  be  rinsed  immediately  after  use. 

dd.  The  filter  tubes  when  taken  from  the  drying-chamber  should  be  left  a  quar- 
ter of  an  hour  to  cool  before  weighing. 

4th.  As  the  platinum  precipitate  is  not  absolutely  insoluble  in  alcohol,  the  quan- 
tities employed  should  be  measured,  and  the  alcohol  should  be  rectified. 

13' 
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2d  Determination,  March  1st,  100  X  4260  cc.  of  air  gave  of  plati- 
num precipitate, 

3.     0.00290  gr.  ) 

4     0  00255  "    S  ^^^'^^^^^  0.00035,  average  0.00272  gr. 

The  precipitate  from  the  water  and  reagents  was  a  mere  trace. 
3d  Determination,  May  18th,  100  X  4260  cc.  of  air  gave  of  plati- 
num precipitate, 

5.     0.0078  gr.  } 

6     0  (HfI2  "    (  difference  0.0006,  average  0.0075. 

The  precipitate  from  the  water  and  reagents  was  0.0010  gr.,  which 
subtracted  from  0.0075  gr.  gives  the  average  of  5  and  6, 

0.0065  gr. 
4th  Determination,  May  28th,  to  June  5th, 
240  X  4260  cc.  =  1.022400  cc.  gave  of  platinum  piecipitate, 

0.00645  gr. 
The  precipitate  from  the  water  and  reagents  amounted  to  0.0007  gr., 
which,  deducted  from  the  above,  gives  0.00575,  which,  for  100  jars 
==  0.00239  gr. 

The  next  and  last  determination  was  made  on  the  summit  of  Pros- 
pect Hill,  in  the  neighborhood  of  Cambridge,  distant  from  dwellings 
and  habitations  of  every  kind,  and  about  150  feet  above  tide  level. 

5th  Determination,  June  18th  and  20th,  180  X  4260  cc.  of  air 
gave  of  platinum  precipitate 

0.00705  gr. 
The  water  and  reagents  gave  0.00140  gr.,  which,  deducted  from 
the  above,  leaves  0.00565  gr.,  which,  calculated  for  100  X  4260, 
gives  0.00314  gf. 
These  results  placed  together  are  as  follows  :  — 
426,000  cc.  of  air  gave 
Pt  CI,  NH4  CI        =  NH3        =  in  1,000,000  cc.  tr. 


April  25th,  |  ^  J  0.00365  gr. 
May  1st,     I  4'  I  0.00272  " 

May  18th,  |  ^  |  0.00650  " 

May  28th,      7.     0.00239  " 
June  18, 20,  8.     0.00314  " 


0.000278  gr. 
0.000207  " 

0.000495  " 

0.000182  " 
0.000240  " 

Average  : 


0.0006158  gr. 
0.0004592  " 

0.0011619  " 

0.0004037  " 

0.0005633  "■ 

:  0.0006407  " 
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This  is  about  one  half-millionth  of  the  average  weight  of  the  air. 
This  average  is  very  nearly  coincident  with  the  result  of  the  last 
series  of  observations  by  J.  Pierre,*  which  were  continued  through 
nine  months  with  4075  litres  of  air.  One  cubic  metre  of  air  con- 
tained 0.00065  gr. 

His  first  series,t  which  he  afterward  discovered  to  be  faulty,  gave 
for  one  cubic  metre  0.0045  gr.,  or  about  three  and  a  half  millionths  of 
the  weight  of  the  air. 

Fresenius|  found  in  the  atmosphere  of  daylight  for  forty  days  in 
August  and  September,  1848,  for  one  million  parts  of  air  by  weight, 
only  0.098  parts,  and  for  night  air  for  the  same  weight,  0.169  parts. 

Kemp§  found  for  the  same  3.40,  and  Grager||  0.333.  VilletJ  made 
sixteen  determinations  in  1849-1850,  employing  from  20,000  to 
55,000  litres  of  air.  His  range  was  from  17.76  gr.  to  31.71  gr.,  aver- 
aging 23.73  gr.  for  one  million  kilogrammes  of  air. 

A  second  series  by  the  same  observer  in  1850  (1851.^)  gave  for 
the  same  weight  of  air  from  16.52  gr.  to  27.26  gr.,  average  21.10  gr. 
For  the  average  of  the  two,  22.41  gr.,  or  in  one  million  parts  by 
weight,  0.02241  parts  of  ammonia. 

Bineau**  estimates  the  air  about  Lyons  to  contain  from  one 
fourth  to  one  fifth  of  one  millionth  of  its  weight  of  ammonia.  That 
of  Caluire  to  contain  in  winter  forty  billionths,  in  summer  eighty 
billionths. 

Bineau^stt  observations  are  based  upon  the  supposition  that  the  am- 
monia and  carbonic  acid  of  the  air  are  in  equivalent  proportions,  and 
that  both  were  alike  absorbed  by  his  method. 

He  obtained  by  his  method  for  Lyons,  in  1,000,000,000  parts,  from 

*  Liebig  and  Eopps,  Jahresbericht,  1853,  p.  333. 

t  Liebig  and  Eopps,  Jahresbericht,  1852,  p.  356. 

X  Liebig  and  Kopps,  Jahresbericht,  1849,  p.  258. 

§  Pharm.  Centr.  Blatt,  1848,  p.  315. 

II  Liebig  and  Kopps,  Jahresbericht,  1849,  p.  258. 

IT  Liebig  and  Kopps,  Jahresbericht,  1852,  p.  356. 

**  Liebig  and  Eopps,  Jahresbcricht,  1854,  p.  315. 

tt  My  own  determinations  in  1849  were  so  exceedingly  erroneous  as  not  to  be 
entitled  to  record,  but  may  show  how  wide  a  departure  from  a  true  result  may  be 
possible  where  a  method  is  defective.  One  million  parts  by  weight  gave  from  1.2 
to  47.6  parts  of  ammonia,  the  average  of  which  is  nearly  fifty  times  as  great  as  was 
found  to  be  present. 
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200  to  250  parts  of  ammonia,  and  at  Caluire,  in  winter  40,  and  Id 
summer  80  parts. 

Placing  these  results  in  form  for  comparison,  they  give  in  one  mil- 
lion cubic  metres,  according  to 

Grager, 432.00  gr. 

Kemp, 4423.00  " 


127.27  " 

219.47  " 

30.81  " 

27.39  " 

292.50  " 

52.00  " 

104.00  " 

4500.00  " 

650.00  " 

640.70  " 


Fresenius,  j  ^^^^^       .     '  ,     \ 

Ville,  1st  series, 
"     2d  series, 

(Lyons  average, 
(  winter, 
Caluire,  \  „.,^^^^ 
'  (  summer, 

J.  Pierre,  1st  series,  (erroneous,) 

"       2d  series, 
Horsford,   .        .         . 

This  near  coincidence  of  the  last  two  results,  taken  in  connection 
with  the  time  consumed  in  producing  the  first,  and  the  number  and 
difierential  character  of  the  determinations  giving  the  second,  entitles 
them,  possibly,  to  a  higher  degree  of  confidence  than  any  of  the  pre- 
ceding results. 

Taking  the  round  number,  645,  as  the  number  of  grammes  in  one 
million  cubic  metres  of  air,  or  1,298,701  kilogrammes  of  air,  and 
taking,  according  to  Marchand,  the  weight  of  the  atmosphere  at 
5,263,623,000,000,000,000  kilogrammes,  and  assuming  it  to  be  of  uni- 
form constitution,  we  have  in  the  total  atmosphere  2,614,178,964,211 
kilogrammes  of  ammonia.*  Or,  expressed  in  English  weights, 
11,613,808,176,000,000,000,000  pounds  of  atmospheric  air  contain 
5,767,999,157,462  pounds  of  ammonia. 


*  In  Fresenias's  estimates,  as  pablished  in  Erdmann  and  Marchand's  Journal  f. 
Prakt  Chemie,  Vol.  XL VI.  pp.  101-106,  I  find  two  errors  that  have  escaped  the 
author's  eye.  He  gives  Kemp's  quantity  of  ammonia  in  1,000,000  parts  of  air  by 
weight  at  3.68.  It  should  be  3.40.  He  finds  the  number  of  kilogrammes  of  am- 
monia in  the  air,  upon  the  average  of  0.133  parts  in  1,000,000  by  weight  (his  own 
determination),  and  Marchand*s  estimate  as  given  above,  to  be  4,079,042  kilo- 
grammes.   It  should  be  700,061,859,000  kilogrammes. 
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1.  Approximate  Cotidal  Lines  op  Diurnal  and  Semi-Diurnal 
Tides  op  the  Coast  op  the  United  States  on  the  Gulp  op 
Mexico.  By  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey. 
[Communicated  by  Authority  of  the  Treasury  Department.] 

At  successive  meetings  of  the  American  Association  I  have  pre- 
sented approximate  cotidal  lines  for  the  Atlantic  and  Pacific  coasts  of 
the  United  States,  drawn  from  the  tidal  observations  of  the  Coast  Sur- 
vey.    I  now  present  similar  lines  for  our  coast  on  the  Gulf  of  Mexico. 

The  problem  is  a  very  different  one  from  either  of  the  others  re- 
ferred to.  The  tides  on  the  Atlantic  coast  are  of  the  regular  semi- 
diurnal class,  and  easily  discussed  by  the  forms  alieady  elaborately 
prepared  by  Lubbock  and  Whewell.  The  diurnal  inequality  is  not 
large ;  indeed,  though  easily  recognized  at  particular  periods,  and  then 
quite  characteristic,  in  general  it  is  difficult  to  trace,  and  often  irreg- 
ular in  magnitude,  and  even  in  sign.  Those  of  the  Pacific  coast 
are  remarkably  regular  in  the  semi-diurnal  and  diurnal  waves,  and 
both  rise  to  such  heights  as  to  make  observation  easy.  On  the  Gulf 
coast,  on  the  contrary,  the  tides  are  small,  and  therefore  easily  affected 
by  extraneous  circumstances,  and,  as  a  rule,  on  more  than  two  thirds 
of  the  coast  the  semi-diurnal  tides  are  very  small,  and  in  fact  are 
masked  by  the  diurnal  tide.  The  comparatively  imperfect  discussion 
which  has  been  made  of  these  tides  requires  many  steps  in  the  discus- 
sion to  be  supplied,  and  sometimes  leaves  us  in  doubt  as  to  the  exact 
interpretation  of  the  results. 

By  way  of  preparing  for  the  present  discussion,  and  to  avoid  running 
into  too  great  length  at  this  time,  I  gave  at  the  last  meeting  of  the  As- 
sociation an  account  of  the  tidal  observations  made  on  our  Gulf  coast, 
and  showed  the  type  curves  for  the  different  stations  from  Cape  Flor- 
ida to  the  Rio  Grande.*  I  also  explained  the  method  of  decomposi- 
tion of  the  curves  of  observation  into  diurnal  and  semi-diurnal  waves, 
and  gave  the  analysis  of  the  type  curves  at  the  several  tidal  stations. 
From  Cape  Florida,  along  the  Keys,  and  up  the  western  coast  of  the 

*  Proceedings  of  the  American  Association  for  the  Advancement  of  Science, 
Providence  Meeting,  1855,  p.  152. 
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peninsula,  to  St.  George's,  the  tides  are  of  the  half-day  class,  with  a 
large  diurnal  inequality ;  from  St.  George's,  which  belongs  to  the  day 
class,  to  Southwest  Pass,  they  are  of  the  day  type,  the  semi-diurnal 
tide  almost  disappearing ;  at  Dernicre  Island,  Calcasieu,  and  Galves- 
ton they  resume  as  a  rule  the  half-day  type,  and  lose  it  almost  com- 
pletely at  Aransas  and  the  mouth  of  the  Rio  Grande.  Isle  Demiere, 
and  less  distinctly  Calcasieu,  show  cases  of  interference  in  the  semi- 
diurnal wave,  two  high  waters  being  at  times  easily  traced  in  the  semi- 
diurnal curve. 

The  character  of  the  tidal  phenomena  themselves,  the  peculiarities 
in  configuration  and  in  depth  of  the  basin,  the  limited  extent  over 
which  our  researches  spread,  and  various  other  circumstances,  contrib- 
ute to  render  this  work  less  satisfactory  than  the  former.  Some  of 
these  will,  in  the  end,  disappear,  as  the  Gulf  is  more  fully  explored 
in  the  progress  of  the  survey.  Our  information  thus  far.  extends  to 
but  one  entrance  of  the  basin,  that  by  the  Gulf  of  Florida,  and  of  this 
to  but  one  shore,  while  of  the  nature  of  the  tide  wave  which  enters 
from  the  Caribbean  Sea,  through  the  straits  between  the  western  end 
of  Cuba  and  the  eastern  end  of  Yucatan,  we  have  no  reliable  infor- 
mation. Some  of  these  causes  render  present  speculation  premature, 
and  lie  at  the  very  threshold  of  attempts  to  trace  out  the  great  interfer- 
ence problems  which  present  themselves. 

The  progress  of  this  discussion  has  also  shown  that  observations  of 
longer  period  are  necessary  in  many  cases  to  give  data  for  conclusive 
results.  This  of  itself  is  a  great  point  gained,  and  the  practical  results 
for  the  charts  of  this  coast  have  repaid  all  the  labor  which  has  been 
expended  on  the  observations.  TJavigators  were  absolutely  without 
information  other  than  the  most  vague  in  regard  to  the  tides  of  the 
Gulf. 

The  hourly  observations  at  each  station  being  plotted  in  diagrams 
upon  a  suitable  scale,  the  curves  of  observation  were  decomposed,  by 
the  graphical  method  introduced  by  Mr.  Pourtales,  into  a  diurnal  and 
semi-diurnal  curve.  It  may  be  proper  to  observe  here,  that  several 
comparisons  have  been  made  between  this  method  and  that  which  I 
had  formerly  used  by  the  sine  curves,  and  with  generally  coincident 
results.  The  graphical  method,  besides  being  less  laborious,  is  free 
from  the  hypothesis  of  the  sine  curve.  These  decompositions  were 
made  chiefly  by  Messrs.  Fendall  and  Heaton  of  the  tidal  party,  and 
occasionally  by  Professor  Pendleton  and  Mr.  S.  Walker. 
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That  the  diurnal  wave  is  the  principal  feature  in  these  tides,  will 
appear  from  the  annexed  table,  which  gives  the  names  and  positions 


TABLE  I. 


Height  of 

^T 

Height  of 

St&tionB. 

Semi-diurnal 

ObHerred 

Tides. 

Diurnal  Tides. 

Tides. 

ft. 

rt. 

ft. 

Cape  Florida, 
Indian  Key, 

1.6 

0.2 

1.5 

1.9 

0.6 

1.8 

Key  West, 

1.2 

0.7 

1.4 

Tortugas, 

10 

1.0 

1.2 

Egmont  Keys, 

1.1 

1.6 

14 

Cedar  Keys, 

2.4 

1.5 

2.5 

St  Mark»s, 

2.2 

1.8 

2.2 

St.  George's  Island, 

0.2 

1.6 

1.1 

Pensacoia, 

0.2 

1.1 

1.0 

Fort  Morgan  (Mobile  Bay), 

0.2 

l.l 

1.0 

Cat  Island, 

0.3 

1.2 

1.3 

Southwest  Pass, 

0.2 

1.2 

1.1 

Demitre  Isle, 

0.4 

1.6 

1.4 

Calcasieu, 

1.3 

1.5 

1.1 

Galveston, 

0.5 

1.1 

1.1 

Aransas, 

0.5 

1.3 

1.1 

Brazos  Santiago, 

0.3 

0.8 

0.9 

TABLE  II. 
Tide  Tables  in  the  Gvlf  of  Mexico,  ike  Results  of  which  are  Discussed  in  this  Paper* 


No. 

1 
2 

' 

5 
6 

7 
8 
9 

10 

11 

12 
13 
14 
15 
16 
17 
18 

Stations. 

Date  of  ObserraUon. 

Kind 

of 
Gauge. 

Observers. 

Cape  Florida,  Fla. 
Indian  Key,      " 
Key  West, 
Tortugas,          " 

Egmont  Key,    " 
Cedar  Keys,      « 
St.  Mark»s,        « 
St.  George's  Isl," 
Pensacoia,         " 
Fort  Morgan,  Ala. 
Cat  Island,       La. 

Southwest  Pass," 
Demicre  lal.,    " 
Calcasieu, 
Bolivar  Pt,  Tex. 
Galveston,      " 
Aransas  Pass," 
Brazos  Sant,  " 

April  22  to  Oct.  31,  1854, 
Jan.  21  to  April  16,1855, 
Apr.20,1850,toDec.31,'51, 
AprU  1  to  June  22, 1855, 

April  22  to  Aug.  23,  1854, 
Jan.  10  to  Mar.  16,  1852, 
Nov.  3, 1854,  to  Mar.  2, '55, 
April  11  to  Aug.  16,  1852, 
Aug.  27  to  Oct  31,  1852, 
Ang.20,1850,toMay26,'51, 
Dec.29,l847,toFeb.l3,'49, 

Nov.l9,1852,toMar.28,'53, 
April  5  to  June  12,  1853, 
Feb.  24  to  May  26,  1854, 
Oct.  1,1853,  to  June  1,1854, 
Mar.21, 1851, to  Jan.l,  1853, 
Nov.  1 ,  1853,  to  Jan.3l,  1854, 
July  7  to  Oct.  13,  1853, 

S.R.* 
S.R. 
Box, 
S.R. 

<( 
Box, 
S.R. 
Box, 

(( 
tt 

tt 
tt 

S.R. 
« 

Staff, 

Box, 

ti 

L.  E.  Tansill. 
L.  E.  Tansill. 
W.Lane&G.W.Goss. 
C.  T.  Thompson  and 

F.  Buxton. 
C.  T.  Thompson. 
G.  Wurdemann. 
C.  T.  Thompson. 
G.  Wurdemann. 
G.  Wurdemann. 
G.  Wurdemann. 
G.  Wurdemann    and 

R.  T.  Bassett. 
G.  Wurdemann. 
G.  Wurdemann. 
G.  Wurdemann. 
L.  E.  Tansill. 
G.  Price  and  F.Muhr. 
G.  Wurdemann. 
G.  Wurdemann. 

^  Self-registering  tide-gauge. 
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of  the  tidal  stations,  the  average  rise  and  fall  of  the  tide  at  each,  and 
the  height  of  the  diurnal  and  semi-diurnal  waves  composing  the  ob- 
served tide.  Table  No,  II.  shows  the  periods  during  which  the  tidal 
observations  were  made,  and  the  names  of  the  observers. 

A  diagram  (No.  1)  shows  these  results  graphically.  A  curved 
line  corresponding  to  the  general  outline  of  the  shore,  cutting  off 
its  irregularities,  is  drawn  on  the  chart  of  the  Gulf  coast,  and 
then  developed  into  a  straight  line.  Thus  the  tidal  stations  are 
plotted  at  their  distances  from  each  other  measured  along  the  general 
line  of  the  coast.  For  use  by  navigators,  any  intermediate  stations 
may  be  marked  in,  in  the  same  way,  and  a  rough  approximation  to 
the  character  of  the  tide  be  obtained  by  the  interpolation. 

The  least  observed  height  is  0.9  foot,  at  Brazos  Santiago,  and  the 
greatest  2.5  feet,  at  Cedar  Keys.  The  least  height  of  the  average  semi- 
diurnal tide  is  0.2  foot,  at  Southwest  Pass,  and  the  greatest  2.4  feet,  at 
Cedar  Keys.  The  least  height  of  the  average  diurnal  tide  is  0.2  foot, 
at  Cape  Florida,  and  the  greatest  1.8  feet,  at  St.  Mark's.  Of  course, 
these  numbers  are,  for  reasons  easily  seen,  only  approximations. 

As  we  enter  the  Gulf  of  Mexico  by  the  Straits  of  Florida,  the  height 
of  the  tide  first  increases,  then  decreases.  Passing  into  the  bight  at 
the  upper  end  of  the  Florida  peninsula,  the  rise  is  greatest ;  west  of 
St.  George's  it  diminishes,  to  rise  again  in  the'  bight  formed  by  the 
southern  coast  of  Louisiana  and  the  eastern  coast  of  Texas. 

In  the  decompositions  here  traced,  and  in  the  very  laborious  discus- 
sions, tentative  and  final,  of  the  whole  of  the  observations  upon  which 
this  paper  is  based,  I  would  acknowledge  the  great  assistance  derived 
from  the  labors  of  Assistant  L.  F.  Pourtales,  in  charge  of  the  tidal  di- 
vision of  the  Coast  Survey.  The  unwearied  assiduity  of  his  own 
labors,  and  his  intelligent  supervision  of  the  work  of  others,  have  been 
felt  at  every  step  in  the  progress  of  these  investigations.  They  have 
required,  on  his  part,  great  resources  of  ingenuity,  patience,  and 
knowledge. 

In  discussing  semi-diurnal  tides,  the  luni-tidal  interval  of  high  or 
low  water,  varying  only  from  a  certain  mean  within  moderate  limits, 
affords  a  cardinal  datum  (the  establishment)  for  the  times.  In  the  di- 
urnal tides  this  datum  is  wanting. 

The  law  of  the  change  of  the  diurnal  tide,  as  expressed  in  the  for- 
mula of  Professor  Airy  (Tides  and  Waves,  Encyclopaedia  Metropoli- 
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tana,  p.  254,  Art.  46),  is  in  general  represented ;  but  the  great  flat- 
ness in  the  form  of  the  curves  at  particular  relations  of  the  moon's 
right  ascension  and  declination,  required  by  the  formula,  does  not 
occur.  The  general  form  of  these  curves  is  shown  upon  the  diagram 
No.  2,  where  the  abscissse  represent  the  days,  and  the  ordinates  the 
luni-tidal  intervals  of  high  water.  About  the  maximum  of  declination, 
for  some  four  to  six  days,  the  luni-tidal  intervals  are  moderately 
constant,  and  the  average  of  these  is  what  I  have  taken  for  a  compari- 
son of  the  luni-tidal  intervals  to  trace  the  progress  of  the  diurnal  wave. 
The  variations  from  day  to  day  being  less  than  the  probable  irregular- 
ities in  the  times  of  high  water  and  the  uncertainties  in  the  observa- 
tions, these  means  give  suitable  numbers  for  comparison.  The  result 
would  not  have  been  greatly  different  had  only  a  few  of  the  observa- 
tions at  either  end  of  the  declination  period  been  thrown  off;  but  afler 
examination  we  found  these  numbers  to  present  apparently  the  best 
results. 

At  four  of  the  stations,  namely,  Key  West,  Fort  Morgan,  Cat 
Island,  and  Galveston,  hourly  observations  were  continued  during  a 
year  and  upwards,  and  the  decompositions  in  all  the  cases  but  Cat 
Island  embrace  that  period.  The  annual  change  of  diurnal  establish- 
ment (using  this  term  as  a  convenient  one  in  the  sense  heretofore 
stated)  is  very  clearly  seen  in  all  these  cases,  and  is  shown  in 
diagram  No.  3.  The  law  of  the  change  is  beautifully  developed  in 
the  larger  tides  of  the  Western  coast,  and,  as  deduced  from  the  San 
Francisco  observations,  is  shown  upon  the  same  diagram.  In  all  the 
cases  the  actual  computed  results  for  the  different  half-monthly  peri- 
ods are  shown  by  the  broken  lines  on  the  diagrams,  and  the  curve, 
representing  the  law,  is  drawn  with  a  free  hand  among  the  points. 
The  general  resemblance  of  these  curves,  with  however  different  max- 
imum ordinates,  is  very  striking,  showing  that  the  law  of  the  change  is 
the  same,  only  the  coefficients  of  the  functions  varying. 

On  diagram  No.  4  the  curve  derived  from  Professor  Airy's  formula 
(Theory  of  Tides  and  Waves,  Encyclopfiedia  Metropolitana,  p.  254, 
Art.  46)  is  drawn,  as  well  as  that  from  observation  for  San  Francisco, 
and  the  general  conformity  is  quite  striking.  In  making  use  of  the 
curves  as  expressing  the  law  of  annual  change,  one  of  the  branches 
has  been  turned  over  upon  the  other,  so  as  to  use  the  mean  of  the  two 
periods  of  six  months. 
14 
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At  the  Other  fourteen  stations  on  the  Gulf  of  Mexico,  the  observa- 
tions were  continued  from  one  to  three  lunations,  and  fell  in  different 
parts  of  the  year.  To  reduce  these,  therefore,  to  the  same  period  of 
the  year,  it  is  necessary  to  employ  the  data  from  the  localities  where 
the  whole  annual  change  was  embraced.  The  results  are  plotted  on 
diagram  No.  4 ;  those  from  the  Brazos  to  Southwest  Pass  on  the  curve 
for  Galveston,  those  from  the  Southwest  Pass  to  St.  George^s  on  the 
curve  for  Fort  Morgan,  and  those  from  St  George's  to  Cape  Florida  on 
the  curve  for  Key  West.  There  is,  except  in  one  case,  a  general 
conformity  in  the  observed  changes,  and  in  those  deduced  from  the 
other  comparisons ;  at  least,  there  are  no  greater  contradictions  than 
those  presented  by  the  observations  from  which  the  mean  curves  are 
drawn.  From  these  plottings,  the  correction  necessary  to  reduce  the 
results  to  the  mean  of  the  year  are  derived,  and  the  annexed  table 
shows  the  diurnal  interval  as  deduced  directly  from  the  observations 
and  as  corrected.  It  is  satisfactory  to  see  that  the  correction  makes 
the  results  more  conformable  to  law,  increasing  therefore  the  probabil- 
ity that  the  correction  is  rightly  applied,  and  is  approximately  correct 
in  magnitude. 

TABLE   m. 


No. 


StadonB. 


Cape  Florida, 
Indian  Key, 
Key  West, 
Tortngas, 
Egmont  Key, 
Cedar  Keys, 
St  Mark's, 
St.  George's  Island, 
Pensacola, 
Fort  Morgan, 
Cat  Island, 
Sonthwest  Pass, 
Demi^re  Island, 
Calcasieu, 
Boliyar  Point, 
Galveston, 
Aransas  Pass, 
Brazos  Santiago, 


25  40  30  9 
24  52  ^0  44 
24  27  a  1  53 
24  34  S2  59 

27  36i*2  46 

28  58  3*2  57 
30    n  S4  II 

29  35|i5  12 

30  IB'i'J  15 
30  9  ^S  0 
30  e^S38 
28  56  ^3  22 

28  58  ^0  58 

29  40  Jl  21 
29  2ri  J*  46 
29  18  J4  41 
28  IfjiOSl 

26  6  ^7  10 


h.m. 
5  21 
5  23 
5  28 
5  32 
5  31 
5  32 
5  37 
5  41 
5  49 
5  52 
5  55 

5  57 

6  4 
6  13 
6  19 
6  19 
6  26 
6  29 


h. 
14  27 

17  0 

18  32 

18  5 

19  19 
22  27 
21  56 
19  41 

21  28 
2121 

22  21 
19  28 
19  19 
19  22 
2140 
22  29 

19  46 

20  45 


h.  m. 
19  48 

22  23 

24  0 

23  37 

24  50 
27  59 
27  33 

25  22 
27  17 

27  13 

28  16 

25  25 
25  23 

25  35 

27  59 

28  48 

26  12 

27  14 


iLm. 

0  27 
34 
37 
36 
39 
43 
42 
42 
42 
42 
43 
39 
38 
39 
43 
43 
40 
41 


h.m. 

0  20 
20 
19 
10 
20 
45 
22 
25 
17 
14 

1  21 
21 
24 
17 
12 
30 
17 
15 


h.  m 
+  0  18 

—  42 

0 
43 

1 
57 
SO 
37 
22 

0 

—  11 
+  59 
+  137 
+  1  27 
+  1  24 

0 
+  0  43 
-0  56 
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"^  ^*  ^  >  -  ne  first  column  of  the  table  contains  a  number  for  reference ;  the 

"'  -  ^^  -=:^.nd,  the  name  of  the  tidal  station ;  the  third,  fourth,  and  fifth,  the 

^  ^==^  if^  jde  and  longitude,  the  latter  in  degrees  and  in  time;  the  sixth,  the 

* '  ^  ^  ^- -tidal  interval  about  the  maximum  of  declination ;  the  seventh,  the 

^  *-  '^>.  *-n  of  this  last-named  number  and  the  longitude  in  time;  the  eighth, 

-  "=^-* :  >ir:  correction  to  reduce  the  observations  to  the  same  transit ;  the  ninth, 

>  -TTsr/s  .  correction  for  depth,  carrying  these  by  the  law  of  depth  to  deep 

rjz  i  '^^z  »ter ;  the  tenth,  the  correction  to  reduce  the  observed  luni-tidal  inter- 

•*  i  i::«r :  j  1  at  maximum  to  the  mean  of  the  year ;  the  eleventh,  the  corrected 

J??.  —  -  zs  'tidal  hour. 

-^  s  r^ :  The  table  enables  us  satisfactorily  to  trace  the  diurnal  wave  from 

^  5-3  ru::  ape  Florida  to  the  Tortugas,  across  by  the  deep  water  of  the  Gulf 

't^-l;  ^s'^  Southwest  Pass,  at  the  entrance  of  the  Mississippi,  and  from  this 

^«-^^  ^ .  ine  of  deep  water  to  the  western  coast  of  the  peninsula  of  Florida, 

..  \^ Jj  Egmont  Key  (Tampa),  Cedar  Keys,  St.  Mark's,  and  St.  George's 

.  ^  _  ^  Jsland,  and  in  the  bay  between  Southwest  Pass  and  St.  George's,  by 
-,^-.  vr^  Cat  Island,  Fort  Morgan,  and  Pensacola.     Again,  in  the  bight  between 

' ^«  Southwest  Pass  and  the  Rio  Grande,  to  the  Rio  Grande,  Isle  Derniere, 

Aransas,  and  Calcasieu,  up  to  Galveston. 
In  obtaining  the  general  direction  of  the  cotidal  lines,  I  have  fol- 

lowed  the  method  of  grouping  used  in  my  former  papers  in  the  forms 

:     f  £     given  by  Professor  Lloyd.     It  is  easy  to  obtain  an  idea  of  the  move- 

i  /     raent  of  the  diurnal  wave  in  this  way,  but  the  selection  of  the  groups 

'  i  •'  .    required  a  tedious  set  of  trials,  and  the  discussion  of  many  groups 

f  i  :     which  appeared  natural  proved  very  unsatisfactory.     The  burden  of 

:  /  -^     the  computations  for  this  work  has  fallen  upon  Mr.  John  Downes. 

-^-tTT         Table  No.  IV.  shows  the  groups  selected,  with  a  letter  attached  for 

'   '^,      reference,  the  names  of  the  stations  constituting  the  groups,  the  mean 

>  .'  latitude  and  longitude  and  cotidal  hour  of  the  group,  the  values  of  the 

J  '        coefiicients  of  each,  the  angle  of  the  cotidal  line  with  the  meridian, 

*' ' .        the  difference  of  the  cotidal  hour  for  one  mile  perpendicular  to  the 

J- '        movement  of  the  wave,  and  the  velocity  in  miles  per  hour. 

:' "  On  the  character  of  these  groups  I  would  remark  as  follows  :  — 

:  -  Group  A,  Cape  Florida,  Indian  Key,  and  Key  West,  and  B,  Indian 

'  '  Key,  Key  West,  and  Tortugas,  give  a  natural  movement  for  the  wave, 

' ;  though  showing  a  more  abrupt  change  than  is  probably  real.     The 

computed  and  observed  cotidal  hours  differ,  at  the  greatest,  but  one 

'  minute  and  a  quarter.     The  next  group,  C,  gives  a  satisfactory  idea 
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TABLE    IV. 
DUcutsion  of  Groups  of  Tided  Stations  for  Diwmal  Waoe, 


StatiODS. 


A  Cape  Florida  Jndian 
Key,  Key  West, 

B  Indian    Key,    Key 
West,  Tortugas, 


O       I 

80  55 


81  52l24  38 


Key  West,  E^nnont 
Key,  Cedar  Keys, 

Cedar  Keys,  St 
Mark's,St.Geoi:ge's 
Island, . 

St  George^s  Island, 
Pensacola,  Fort 
Moigan,   .    .    . 

Cedar  Keys,  St. 
Mark'SjStGeorffe's 
Isl.,Pensacola,Fort 
Morgan,  Cat  Isl., 
S.W.Pass,  .    . 

St  George's  Island, 
Pensacola,  Ft  Mor- 
Cat   liland, 


gan, 


W.Pass,    . 


82  32 


84    7 


86  49 


86  31 


o      / 
25    0 


h.  m. 
21    3 


87  41 


S.W.Pass,  Demifere 
Isl.,  Calcasieu,  Gal- 
veston, Aransas, 
Brazos,     .    . 


27    0 


29  31 


30    1 


29  43 


29  49 


93  45 


28  28 


22  28 

24  10 

25  45 
25  55 

25  56 

25  50 

26  4 


I  » 


Dift  of  CoiidAl 
Hour  for  one 
Qeog.  MUe  of 


i 

3 


—1.978—0.509 


-0.890 
5.251 

1.095 

0.055 

0.048 
-0.275 
-0.241 


—3.240 
1.695 

2.358 

2.645 

0.911 


Cotidal 


of 


o      I 
—14  28 


74  38 
—17  53 

—65    5 

—88  49 

—86  58 


1.092       75  52 


0.944'       63  19 


2.052 
3.360 
5.518 

2.600 

2.645 

0.910 
1.127 
0.974 


29.2 
17.8 
10.9 

22.7 

22.7 

66.0 
53.1 
61.6 


of  the  movement  of  the  wave  passing  round  the  Tortugas  and  up 
along  the  coast  of  the  peninsula,  over  the  extensive  flat  which  borders 
it.  The  next  group,  D,  Cedar  Keys,  St.  Mark's,  and  St  George's, 
presents  a  perfect  agreement  between  the  computed  and  observed  co« 
tidal  hours,  and  a  direction  and  velocity  agreeing  with  what  might 
have  been  supposed.  The  same  is  true  for  group  E,  St.  George's, 
Pensacola,  and  Fort  Morgan.  The  more  general  group,  F,  including 
the  stations  from  Cedar  Keys  to  Southwest  Pass,  agrees  in  its  indica- 
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tions  with  those  given  by  the  partial  groups  ;  as  does  also  G,  including 
the  stations  from  St.  Greorge^s  to  Southwest  Pass.  In  passing  west- 
ward and  southward,  the  direction  of  the  line  changes  rapidly,  and  no 
satisfactory  adjustment  by  groups  could  here  be  made.  From  South- 
west Pass  to  the  Brazos  Santiago,  the  smaller  groups  gave  decidedly 
anomalous  results  for  adjacent  stations,  pointing  to  the  more  general  ar- 
rangement of  the  lines  shown  by  group  H,  composed  of  Southwest 
Pass,  Demi^re  Isle,  Calcasieu,  Galveston,  Aransas,  and  Brazos  Santi- 
ago. The  agreement  of  the  cotidal  hours,  as  computed  and  observed, 
is  only  tolerable.  The  results  of  the  computations  for  Southwest  Pass, 
Derni^re  Isle,  and  Aransas  differ  severally  but  10,  1,  and  9  minutes 
from  the  observed,  but  those  for  Calcasieu,  Galveston,  and  Brazos 
differ  60,  33,  and  44  minutes. 

On  the  map  No.  Y.  a  rough  outline  of  the  Gulf  coast  is  traced,  and 
the  cotidal  hours  are  marked  near  the  stations.  The  mean  cotidal 
line  for  each  group,  and  the  hour  before  and  after  the  mean  hour,  are 
marked  on  the  map,  showing  the  direction  and  velocity  of  the  diurnal 
wave  as  given  by  the  groups.  From  a  consideration  of  these,  and  of 
their  necessary  connection,  the  cotidal  lines  are  approximately  drawn. 
The  main  cotidal  Ime  of  the  northern  shore  of  the  Gulf,  as  traced  upon 
the  chart,  is  that  of  twenty-six  hours ;  twenty-seven  occurring  at  the 
head  of  the  bight  in  which  Galveston  lies.  The  twenty-five  hour  line 
appears  at  Cedar  Keys  and  touches  the  coast  again  below  Brazos, 
twenty-three  is  at  the  Tortugas  and  Key  West,  and  nineteen  at  Cape 
Florida. 

Semi-Diubnal  Tides. 

The  Table  No.  V.  of  semi-diurnal  tides  is  in  the  same  form  as 
No.  III.  for  diurnal  tides.  It  contains  a  number  for  reference,  the 
name  of  the  station,  its  latitude,  the  longitude  in  arc  and  in  time,  the 
establishment,  the  same  in  Greenwich  time,  the  correction  for  transit 
and  for  depth,  and  the  corrected  cotidal  hour. 

In  tracing  the  semi-diurnal  wave  as  it  enters  the  Straits  of  Florida, 
we  find,  after  a  slight  contradiction  between  Cape  Florida  and  Indian 
Key,  a  general  increase  of  the  cotidal  wave  in  the  right  direction  to 
the  Tortugas.  The  semi-diurnal  wave  here  gives  the  difference  of 
time  between  Cape  Florida  and  the  Tortugas  of  but  I**-  24"*,  while  the 
diurnal  wave  gives  4***  IS"*.  The  lagging  of  the  diurnal  wave,  which 
14  • 
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at  Cape  Florida  is  V'  44"'-,  at  Indian  Key  is  9"  22"-,  at  Key  West 
4"  31™-,  and  at  the  Tortugas  4"-  23"'. 

The  semi-diurnal  wave  passes  across  the  Gulf  to  the  Southwest  Pass 
as  did  the  diurnal,  the  establishment  at  the  Tortugas  being  14''-  25"'*, 
and  at  the  Southwest  Pass  15''-  38""-.  The  time  of  crossbg  by  the 
semi-diurnal  wave  is,  however,  P*  13"*,  while  by  the  diurnal  wave 
it  was  P-  50"-.  The  lagging  of  the  diurnal  wave  behind  the  semi- 
diurnal, which  at  the  Tortugas  was  9"-  26"-,  at  the  Southwest  Pass  is 
4**-  49" .  The  mean  depth  of  the  portion  of  the  Gulf  traversed  by  the 
wave  computed  from  the  semi*diurnal  wave  is  sixteen  hundred  and 
sixty-six  fathoms,  and  from  the  diurnal  six  hundred  and  sixty-six  fath- 
oms ;  for  the  mean  result  of  the  two,  one  thousand  fathoms.  The  av- 
erage depth  has  not  yet  been  ascertained,  but  probably  does  not  ex- 
ceed one  thousand  fathoms. 

TABLE   V. 

Half 'Daily  Cotidal  Eour$  in  ths  Gtdf  of  Mexico. 


Longitude     jg^ 

111 

Correeikm 

|3 

No. 

Names  of  Stations. 

In  Arc. 

In 
Time. 

111 

Tor 

Tnn- 

alt 

For 
Depth. 

O      / 

O       / 

h.m. 

h.  m. 

h.m. 

m. 

m. 

h.m. 

1 

Cape  Florida, 
Indian  Key, 

25  40 

80    9 

5  21 

8  17 

13  38 

—  17 

—  20 

13    1 

2 

24  52 

80  44 

5  23 

8    2 

13  25 

—  16 

—  15 

12  54 

3 

Key  We«t, 

24  27 

81  53 

5  28 

9  10 

14  38 

—  18 

—  19 

14    1 

4 

Tortngas, 

24  34 

82  59 

5  32 

9  22 

14  54 

—  19 

—  10 

14  25 

5 

Egmont  Key, 

27  36 

82  46 

5  31 

1126 

16  57 

—  23 

—  20 

16  14 

6 

Cedar  Keys, 

28  58 

82  57 

5  32 

13    9 

18  41 

—  26 

—  45 

17  30 

7 

St.  Mark's, 

30    0 

84  11 

5  37 

13  37 

19  14 

—  27 

—  22 

18  25 

8 

St  George's  Island, 

29  35 

85  12 

5  41 

14  59 

20  40 

—  30 

—  25 

19  45 

9 

Pensacola, 

30  18 

87  15 

5  49 

10  53 

16  42 

—  22 

—  17 

16    3 

10 

Fort  Morgan, 
Cat  Island, 

30    9 

88    0 

5  52 

11    9 

17    1 

—  22 

—  14 

16  25 

11 

30    6 

88  38 

5  55 

12  53 

18  48 

—  26 

—  81 

17    1 

12 

Southwest  Pass, 

28  56 

89  22 

5  57 

10  23 

16  20 

—  21 

—  21 

15  38 

13 

Derni^re  Island, 

28  58 

90  58 

6    4 

13  37 

19  41 

—  27 

—  24 

18  50 

14 

Calcasieu, 

29  40 

93  21 

6  13 

14  56 

21    9 

—  30 

—  17 

20  22 

15 

Bolivar  Point, 

29  23 

94  46 

6  19 

16  47 

23    6 

—  34 

—  12 

22  20 

16 

Galveston, 

29  18 

94  41 

6  19 

—  30 

17 

Aransas  Pass, 

28  15 

96  31 

6  26 

14  30 

20  56 

—  29 

—  17 

19  10 

18 

Brazos  Santiago, 

26    6 

97  10 

6  29 

14  45 

21  14 

—  29 

—  15 

20  30 

From  this  line  of  deep  water  the  semi-diurnal  wave  reaches  the  sta- 
tions on  the  western  coast  of  the  Florida  peninsula  in  their  order,  from 
south  to  north,  and  west.  The  movement  west  of  St.  George*s  ap- 
pears to  be  in  the  order  of  Pensacola,  Fort  Morgan,  and  Cat  Island, 
while  for  the  diurnal  wave  it  was  Cat  Island,  Fort  Morgan,  and  Pensa- 
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cola.  To  the  westward  of  Southwest  Pass  there  is  a  sudden  increase 
of  establishment,  as  if  another  semi-diurnal  wave  brought  the  tides  there. 
The  mean  cotidal  hour  of  the  five  stations  west  of  Southwest  Pass  is 
20*'-  14"s  while  that  of  Southwest  Pass  and  three  east  of  it  is  16*"- 17";, 
a  difference  of  about  four  hours.  This,  taken  with  the  remarks  already 
made  in  regard  to  the  appearance  of  two  high  waters  in  the  curves  for 
Isle  Demi^re  and  Calcasieu,  indicates  a  system  of  interferences  yet  to 
be  unravelled. 

As  was  the  case  with  the  diurnal  wave,  the  stations  at  Isle  Derniere 
and  Calcasieu  gave  cotidal  hours  very  like  those  of  Brazos  Santiago 
and  Aransas,  and  Cralveston  is  later  than  either. 

Upon  the  whole,  then,  there  is  a  general  resemblance  in  the  motion 
of  the  two  waves  as  assigned  by  observation,  with  some  considerable 
discrepancies.  The  annexed  Table  No.  YI.  shows  the  difference  be- 
tween the  establishments  of  the  diurnal  and  semi-diurnal  waves  at  the 
several  stations. 

TABLE  VI. 

Compariton  of  Establishments  offfalf'Day  and  Day  Tides,  in  the  Gulf  of  Mexico. 


No. 

Btatioitf. 

Difference  between  Day 
and  Half-Day. 

h.  m. 

1 

Cape  Florida, 
Inaian  Key, 

6  28 

2 

8  16 

3 

Key  West, 

9  22 

4 

Tortngas, 

9  26 

5 

Egmont  Key, 

7  54 

6 

Cedar  Key, 

8  21 

7 

St.  Mark's, 

8  39 

8 

St  George's  Island, 

5  19 

9 

Pensacola, 

10  57 

10 

Fort  Morgan, 

10  12 

11 

Cat  Island, 

9  17 

12 

Soathwest  Pass, 

10    4 

13 

Demi^re  Island, 

7  19 

14 

Calcasieu, 

5  53 

15 

BoUvar  Point, 

6  17 

16 

Aransas  Pass, 

5  59 

17 

Brazos  Santiago, 

5    4 

When  we  come  to  follow  these  results  into  the  discussion  of  the 
grou|>s,  they  are  far  from  satisfactory.  Perhaps  this  was  to  have  been 
expected  from  the  circumstances  before  stated.  The  groups  were 
nevertheless  elaborately  examined,  though  without  much  fruit.  The 
table  of  groups  is  arranged  as  for  the  diurnal  tides,  containing,  as  be- 
fore, a  number  for  reference,  the  names  of  the  stations,  and  the  lati- 
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tude  and  longitude,  the  values  of  the  coefficients  of  each,  the  angle 
made  by  the  cotidal  line  with  the  meridian,  the  movement  of  the 
wave  perpendicular  to  the  cotidal  line  expressed  by  the  number  of 
minutes  employed  in  traversing  a  mile,  and  the  miles  per  hour.  See 
Table  VII. 


TABLE  Vn. 


Recapitulation  of  Groups  fir  Hdf-Day  Tides, 


StatloDB  in  Qroup. 


Mean 
LoDgi- 
tad«. 


Cape  Flor.,  Ind.  K,  K.  West, 
Ind.  K.,  Key  West,  Tortugas, 
Egm.  K,  Cedar  E.,  St.  Mark's, 
Ft.  Mor.,  Cat  IsL,  S.  W.  Pass, 
Isle  Dern.,  Calcas.,  Bolivar  Ft,  93  2 
S.  W.  Fass,  r>cm.  Isl.,  Cal-  \  L^  ^ 
casiea,  Bolivar  Ft,  Brazos,  >  I 


O  I 

80  55 

81  52 
83  18 
88  40 


LaU- 


25  0 
24  38 

28  51 

29  44 
29  20 

28  37 


Coti- 
dal 
Hour. 


47-0. 


h 

13  19 
13 

17  23 
16  21 
20  31 

19  32 


1^15 
1.551 
0.049 
[-1.260 
1.246 

hi  .243 


N 


1.151 
-1.288 
0.935 
1.887 
-1.517 

1.488 


Angle. 


Min- 
ntea 
to 
one 

MUe. 


37  141.902 
-66  491.401 
-87    00.935 


56  16 
50  36 

50  07 


31.5 
42.8 
64.2 


2.269,26.4 
1.963  30.6 

1.939|30.9 


Groups  A  and  B,  composed  of  Cape  Florida,  Indian  Key,  and  Key 
West,  and  of  Indian  Key,  Key  West,  and  Tortugas,  give,  especially 
the  first,  plausible  ra&ults,  and  the  computed  establishments  vary  but 
1"'.5,  at  the  greatest,  from  the  observed.  I  have  not  been  able  to 
form  any  satisfactory  connection  between  these  groups  and  those  on 
the  western  coast  of  the  peninsula.  The  next  group,  which  gives  a 
tolerable  result,  is  Egmont  Key,  Cedar  Keys,  and  St.  Mark^s.  In  this 
the  direction  of  the  cotidal  line,  the  velocity,  and  the  establishments 
are  satisfactory. 

The  establishment  of  St.  George^s  station  is  irregular,  and  is  very 
probably  erroneous.  The  semi-diurnal  wave  is  composed  of  two  very 
small  ones,  and  it  has  been  necessary  to  reconcile  the  discrepancies 
which  they  presented,  sometimes  one  being  the  governing  tide,  and 
sometimes  the  other. 

Group  D,  composed  of  Fort  Morgan,  Cat  Island,  and  Southwest 
Pass,  is  the  next,  which  gives  a  good  result. 

E,  composed  of  Isle  Derni^re,  Calcasieu,  and  Bolivar  Point,  and  F, 
of  all  the  stations  from  Southwest  Pass  to  Brazos  Santiago  except 
Aransas,  give  good  results  as  to  direction  and  velocity,  the  cotidal 
hour  of  twenty  for  the  two  groups  falling  upon  each  other.  The 
computed  establishments,  as  in  the  case  of  the  diurnal  wave,  present 
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considerable  discrepancies  from  the  observed.  The  least  difference 
is  8*\5,  and  the  greatest  67" . 

These  groups  are  marked  upon  the  chart,  diagram  No.  6,  and  the 
cotidal  hour  next  before  and  after  the  mean  cotidal  line  of  the  groups. 
An  approximation  to  the  cotidal  lines  from  these  data  is  also  shown 
upon  the  chart.  The  approximate  cotidal  hours  of  the  several  stations 
are  marked  upon  the  chart. 

The  cotidal  lines  of  thirteen  and  fourteen  hours  only  appear  on  the 
coast  of  the  Florida  Keys,  that  of  sixteen  hours  is  well  marked  near 
Egmont  Key  (Tampa),  and  passes  around  the  shores  of  the  great  bay 
between  Louisiana  and  Florida,  to  near  Southwest  Pass.  The  line 
of  eighteen  hours  is  at  the  head  of  the  bight  between  St.  George's 
and  Cedar  Keys,  and  seventeen  in  that  near  Cat  Island.  The  lines  of 
sixteen  and  twenty-one  hours  succeed  each  other  closely  in  the  bay  to 
the  westward  of  Southwest  Pass. 

In  comparing  the  two  sets  of  cotidal  lines  for  the  diurnal  and  semi- 
diurnal waves,  we  find  a  general  resemblance  in  the  great  bay  be- 
tween the  western  coast  of  Florida  and  the  eastern  coast  of  Louisiana, 
the  lines  of  twenty-four,  twenty-five,  and  twenty-six  of  the  diurnal  tide 
on  the  eastern  side  of  the  bay  corresponding  generally  with  sixteen, 
seventeen,  and  eighteen  of  the  semi-diurnal  tide,  and  twenty-five  and 
twenty-six  hours  of  the  diurnal  tide  on  the  western  side  of  the  bay  cor- 
responding generally  to  sixteen  and  seventeen  of  the  semi-diurnal. 
On  the  southern  coast  of  Florida,  by  the  Keys,  on  the  contrary,  the 
lines  of  nineteen,  twenty,  twenty-one,  twenty-two,  and  twenty-three 
hours  succeed  each  other  rapidly  between  Cape  Florida  and  the  Tor- 
tugas  in  the  diurnal  series,  while  thirteen  and  fourteen  hours  only 
occur  along  the  same  shores  in  the  semi-diurnal  tide.  On  the  con- 
trary, in  the  bay  between  Louisiana  and  Texas,  or  west  of  Southwest 
Pass,  the  lines  of  twenty-five,  twenty-six,  and  twenty-seven  hours 
only  occur  at  considerable  distances  in  the  diurnal  system,  while  six- 
teen, seventeen,  eighteen,  nineteen,  twenty,  and  twenty-one  occur  in 
the  same  space,  between  Southwest  Pass  and  the  Brazos  Santiago,  in 
the  semi-diurnal  tide. 

I  shall  continue  to  collect  observations  bearing  upon  the  facts  dis- 
cussed in  this  paper,  and  to  have  them  worked  up,  so  as  to  amend  the 
imperfections  of  the  approximate  results  now  presented.  There  are 
simultaneous  observations  at  some  of  the  stations  which  were  formerly 
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examined  with  but  little  satisfaction  as  to  the  conclusions ;  these  will 
now  be  resumed,  and  may  throw  additional  light  upon  the  results  at 
some  of  the  doubtful  stations.  The  interference  problems  will  be 
taken  up  when  more  extended  data  give  better  hopes  of  a  satisfactory 
solution  of  them. 


2.  Notes  on  thb  Progress  made  in  the  Coast  Survey,  in  Pre- 
diction Tables  for  the  Tides  of  the  United  States  Coast. 
By  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey.  [Commu- 
nicated by  Authority  of  the  Treasury  Department.] 

As  soon  as  tidal  observations  had  accumulated  sufficiently  to  make 
the  task  a  profitable  one,  I  caused  them  to  be  treated,  under  my  im- 
mediate direction,  by  the  methods  in  most  general  acceptance. 
The  observations  of  Old  Point  Comfort,  Virginia,  were  among  the 
earliest  used  for  this  purpose,  and  the  labors  of  Commander  Charles 
H.  Davis,  U.  S.  N.,  then  an  assistant  in  the  Coast  Survey,  were  di- 
rected to  their  reduction,  chiefly  by  the  graphical  methods  pointed  out 
by  Mr.  Whewell.  This  work  was  subsequently  continued  by  Mr. 
Lubbock's  method,  by  Mr.  Henry  Mitchell,  and  next  the  tides  of 
Boston  harbor  were  taken  up,  as  affording  certain  advantages  in  the 
observations  themselves  which  could  not  be  claimed  for  those  of  Old 
Point. 

The  system  of  Mr.  Lubbock  is  founded  on  the  equilibrium  theory, 
and  in  it  the  inequalities  are  sought  by  arranging  the  elements  of  the 
moon's  and  sun's  motions,  upon  which  they  depend.  Having  obtained 
the  coefficient  of  the  half-monthly  inequality  of  the  semi-diurnal  tide 
at  Boston,  from  seven  years'  observations,  through  the  labors  of  the 
tidal  division,  and  approximate  corrections  for  the  parallax  and  decli- 
nation, I  was  much  disappointed  in  attempting  the  verification  by  ap- 
plying them  to  individual  tides  for  a  year  during  which  we  had  obser- 
vations. There  was  a  general  agreement  on  the  average,  but  discrep- 
ancies in  the  single  cases,  which  were  quite  unsatisfactory.  Nor  were 
these  discrepancies  without  law,  as  representing  their  residuals  by 
curves  did  not  fail  to  show.  By  introducing  corrections  for  declina- 
tion and  parallax  of  the  moon  increasing  and  decreasing,  we  reduced 
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these  discrepancies ;  but  still  the  results  were  not  sufficient  approxi- 
mations. 

With  the  numerical  reductions  of  the  observations  before  referred 
to,  was  commenced,  in  1853,  under  my  immediate  direction,  by  Mr. 
L.  W.  Meech,  a  study  of  the  theory  of  the  tides,  directed  chiefly  to  the 
works  of  Bernouilli,  La  Place,  Airy,  Lubbock,  and  Whewell.  The 
immediate  object  which  I  had  in  view  was  the  application  of  the  wave 
theory  to  the  discussion  of  our  observations.  I  thought  that  the  mind 
of  an  expert  mathematician,  directed  entirely  to  the  theoretical  por- 
tions of  this  work,  with  directions  by  a  physicist,  and  full  opportunities 
of  verifying  results  by  extended  series  of  observations,  the  computa- 
tions of  which  should  be  made  by  others  in  any  desired  form,  would 
give,  probably,  the  best  results  in  this  combined  physical  and  mathe- 
matical investigation. 

The  general  form  of  the  different  functions  expressing  the  tidal  in- 
equalities is  the  same  in  the  different  theories,  and  may  be  said  on  the 
average  to  be  satisfactory  as  to  the  laws  of  change  which  these  in- 
equalities present  Whether  we  adopt,  with  La  Place,  the  idea  that 
periodical  forces  produce  periodical  effects,  or,  with  Airy,  the  idea  that 
the  tidal  wave  arrives  by  two  or  more  canals,  or,  with  Bernouilli  and 
Lubbock,  the  results  of  an  equilibrium  spheroid,  or,  with  Whewell, 
make  a  series  of  inequalities,  semi-menstrual,  parallax,  and  declina- 
tion, with  different  epochs,  we  arrive  at  the  same  general  results,  that 
the  heights  and  times  of  high  water  may  be  represented  by  certain 
functions,  with  indeterminate  coefficients,  in  the  form  of  which  the  the- 
ories in  a  general  way  agree.  By  forming  equations  from  the  obser- 
vations, and  obtaining  the  numerical  values  of  the  coefficients,  by  the 
method  used  so  commonly  in  astronomical  computations,  the  result  is 
accomplished. 

A  general  consideration  of  the  co-ordinates  in  space  of  the  moon 
and  sun,  without  any  special  theory,  would  lead  to  the  same  result, 
representing  the  luni-tidal  interval  by  series  of  sines  and  co-sines  with 
indeterminate  coefficients. 

Calling  I  the  luni-tidal  interval  from  observation,  X  the  mean  luni- 
tidal  interval,  H  the  clock  time  of  observation,  Vt  the  moon's  longi- 
tude, P'  the  moon's  parallax,  and  dP'  the  hourly  variation  of  the 
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moon^s  parallax,  we  have,  for  the  formula  representing  the  correction 
for  half- monthly  inequality, 

s  sin  2  JEZ  +  *i  cos  2  H ; 
for  the  moon^s  parallax  correction, 

p  (p/  _  57')  +p^  (P'  —  57')  sin  2  JH  +  p^  (P'  —  57')  cos  2  H; 
for  the  correction  for  hourly  difference  of  the  moon^s  parallax. 
Pi  i^P')  +  Pi  (« P')  sin  2H  +  ps{dP')co32H; 
and  for  the  moon's  declination  corrections,  including  the  rate  of  change, 

d  sin  2  I't  +  di  cos2  Vi  +  ^i  sin  2  Vt  sin  2  il+  ^g  sin 2  Z'«  cos 2  f 
+  ^3  cos  2  Vt  sin  2  H  +  q^  cos  2  Z'<  cos  2  K 

There  are  corresponding  terms  for  the  inequalities  produced  by  the 
sun's  action. 
The  whole  formula  takes  the  form, 

(  Mean  interval  and  half-monthly 

I  =  A  +  «  sin  2  fl  +  5i  cos  2  if  {  ,., 

'  *^    *  (  mequality  correction. 

p  (p/  _  57')  +  p^  (P'  —  57')  sin  2  H ) 

I         /-Di       cw/\        o  IT  (  Moon's  parallax  correction. 
+  P»  {P  —  57')  cos2  H )  ^ 

!  Hourly  diff.  of  Moon's 
paraL  correction. 

d  sin  2  Vt  -f  q^  sin  2  Vt  sin  2  if  -}-  9,  sin  2  Z'£  cos  2  H  (  Moon's  declina- 
di  cos  2  Z'i  +  S'b  cos  2  Z'i  sin  2  H  +  ^4  cos  2  Z'i  cos  2  if  I  tion  corrections. 

+  i.  sin  Z  <  sin  2  if  +  /o  sin  Z  t  cos  2  if  )  q     ,  „ 

•     '  '    ^  J  Sun's  parallax  corrections. 

+  /g  cos  Zi  sin  2  H+  <«  cos  Z«  cos  2  H  5 

-\- Qi  sin  2  Z/  sin  2  If  +  Qs  sin  2  Z^  cos  2  H)  Sun's  declination  cor- 
+  Q3COS2  It  sin  2  Jf +  Q4COS2  It  cos2  H  )  rections. 

The  grouping  of  the  observations  of  one  year  at  Boston,  to  apply 
this  method,  the  formation  of  the  equations,  and  their  solution  by  the 
method  of  indirect  elimination,  has  been  the  work  of  Mr.  R.  S.  Avery, 
who  has  labored  most  assiduously  and  successfully,  ingeniously  check- 
ing his  work  where  the  system  of  checks  could  be  applied,  at  every 
step.  He  has  determined  the  values  of  X  and  of  the  coefficients  for 
Boston  as  follows :  — 
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A  =  +  38.47,        d-—  3.17,        d,  z=  —  35.62, 
P-  —  0.93,       i?i  =  —  1.56,       5  =  —  19.49,     5i  =  +  11.97, 

178  =  +  1.31,  i^s  =  —  1.21,  l?4  =  +  0.23,  Ps  =  +  0.60, 
17,  =  —  7.17,  ^a  =  +  1.81,  ^,  =  +  2.91,  ^4  =  —  1-99, 
<i  =  +  5.14,        ts  =  +  2.26,      «s  =  —  0.76,        U  =  —  1.37, 

Qi  =  — 21ii5,    Qa  =  + 28.39,   ft  =  +  27.10,      Q4= +23.13. 

There  are  propositions  for  facilitating  this  work,  growing  out  of  the 
experience  acquired  in  the  computations,  but  requiring  more  examina- 
tion than  they  have  yet  received  before  pronouncing  upon  them.  It 
is  possible  that,  by  applying  Lubbock^s  method  of  averages  to  some  of 
the  terms,  approximate  values  may  be  found  more  readily  than  by  the 
method  we  have  employed.  Two  additional  terms  for  the  sun^s  decli- 
nation, D  sin  2  Zf,  and  B^  cos  2  Z^,  will  be  introduced.  I  present  to 
the  Association  the  tables  computed  by  Mr.  Avery  for  applying  this 
method  to  the  prediction  of  the  tides  at  Boston  harbor. 

In  order  to  test  the  coefficients,  computations  were  made  for  differ- 
ent parts  of  the  months  of  the  year  1853  for  which  we  have  observa- 
tions.   Transit  C  was  used  as  the  transit  of  reference. 

The  differences  between  the  predicted  and  observed  results  are 
shown  in  the  annexed  table,  the  first  column  of  which  contains  the 
dates,  the  second  the  computed,  the  third  the  observed,  and  the  fourth 
the  observed  less  the  computed  results. 

From  this  table  it  appears  that  in  twenty  pairs  of  tides,  the  morning 
and  afternoon  results  being  grouped  in  the  fifth  column  to  get  rid  of 
the  diurnal  inequality,  there  are  two  differences  of  less  than  2"-,  thir- 
teen of  more  than  2'"-  and  less  than  4""-,  three  of  more  than  4""-  and 
less  than  10"*,  and  two  of  more  than  10"*.  The  probable  error  of  the 
prediction  of  a  single  pair  of  tides  is  4*".  12. 

These  laborious  researches  are  still  in  progress,  but  1  have  thought 
that  the  results  already  obtained  required  a  notice  of  them,  and  a  rec- 
ognition of  the  labors  of  Messrs.  Meech  and  Avery. 
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Comparison  of  Observed  and  Predicted  Times  of  High  Water,  Boston,  MassaehuseUs. 


Date.    1868. 

lime  of  High  Water. 
Predicted.              Obeerred. 

Dffferaice 
Olw.  Pr. 

Mean  of  Pairs.  1 

.h.    m. 

h.  m. 

m. 

m. 

March               .        .21 

8    4.7 

8    3 

—  1.7 

a 

.       21 

20  32.9 

20  32 

—  0.9 

—  1.3 

u 

.  25 

11  28.0 

1121 

—  7.0 

u 

25 

23  49.8 

23  48 

—  1.8 

—  4.4 

tt 

.  29 

2  21.7 

2  20 

—  1.7 

tt 

29 

14  45.3 

14  42 

—  3.3 

-  2-5 

April     '   . 

.    2 

6  16.9 

6  21 

4.1 

u 

2 

18  51.5 

18  59 

7.5 

5.8 

it 

.    6 

10  19.8 

10  18 

—  1.8 

tc 

6 

22  40.2 

22  36 

—  4.2 

—  3.0 

Jone 

.  21 

11  18.4 

11  18 

—  0.4 

It 

.      21 

23  44.7 

23  49 

4.3 

2.0 

tc 

.  25 

2  34.5 

2  39 

4.5 

It 

.      25 

15    2.3 

15    3 

0.7 

2.6 

u 

.  29 

5  57.7 

6    7 

9.3 

tc 

.      29 

18  24.3 

18  37 

12.7 

11.0 

July      '   . 

.    3 

9  27.4 

9  31 

3.6 

tc 

3 

21  52.2 

21  53 

0.8 

2.2 

(( 

.    7 

0    0.1 

0    3 

2.9 

it 

7 

12  10.3 

12  12 

1.7 

2.3 

September 

.  24 

3  59.4 

4    7 

7.6 

tt 

.      24 

16  24.8 

16  24 

—  0.8 

8.4 

a 

.  28 

7  39.7 

7  44 

4.3 

tt 

28 

20  11.6 

20  15 

3.4 

3.9 

October' 

.     2 

11    6.1 

11    4 

—  2.1 

tt 

2 

23  31.1 

23  30 

—  1.1 

—  1.6 

tt 

.     6 

144.7 

140 

—  4.7 

it 

6 

14    7.7 

14    7 

—  0.7 

—  2.7 

(( 

.  10 

5  24.5 

5  19 

—  5.5 

tt 

10 

17  57.8 

17  58 

0.2 

—  2.7 

December 

.  21 

3    7.2 

3    9 

1.8 

It 

21 

15  28.4 

15  30 

1.6 

1.7 

it 

.  25 

6  32.6 

6  31 

—  1.6 

tt 

25 

19    0.7 

18  52 

—  8.7 

—  5.2 

tt 

.  29 

10  22.4 

10  26 

3.6 

tt 

29 

22  53.3 

22  42 

-11.3 

—  8.9 

January    . 

.     2 

129.4 

1    2 

—27.4 

it 

2 

13  54.0 

13  41 

—13.0 

—20.2 

M 

.     6 

4  45.8 

4  53 

7.2 

"       .      ' 

6 

17  33.9 

17  30 

—  3.9 

1.7 

Final  Mean, 0.5 

Probable  error,  minutes 4.12 

Number  of  difierences  less  than  two  minutes  =    2 

Number  of  difierences  more  than  two  minutes  and  less  than  four  =  13 

U  ((  44  four  C4  44  44  ^^U      =       8 

44  44  44  ten  "  =2 
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3.  Observatioi^s  to  determine  the  Cause  of  the  Increase  of 
Sandt  Hook,  made  bt  the  Coast  Survey  for  the  Commis- 
sioners ON  Harbor  Encroachments  of  New  York.  By  A.  D. 
Bache,  Superintendent  U.  S.  Coast  Survey. 

Abstract, 

It  is  known  as  one  of  the  developments  of  the  Coast  Survey,  that  the 
peninsula  of  Sandy  Hook  is  gradually  increasing,  growing  to  the 
northward  in  the  main  ship-channel.  A  spot  north  of  the  Hook, 
where  there  was  forty  feet  of  water  when  Captain  Gedney  made  his 
survey,  in  less  than  ten  years  was  nearly  bare  at  low  water.  The  im- 
portance of  determining  the  cause  of  this  increase,  as  leading  to  the 
means  of  controlling  it,  cannot  be  over-estimated.  The  Commissioners 
on  Harbor  Encroachments  had  early  attended  to  this  matter,  and  re- 
quested that  the  necessary  observations  for  its  investigation  should  be 
made.  These  were  made,  under  my  immediate  direction,  by  Henry 
Mitchell,  one  of  the  sub-assistants  in  the  Coast  Survey,  with  all  desirable 
zeal  and  ability.  Various  causes  had  been  assigned  for  this  growth, 
by  the  action  of  the  waves  and  winds  sometimes  on  the  outer  side  and 
sometimes  on  the  inside  of  the  Hook.  The  effect  of  the  opening 
and  closing  of  Shrewsbury  Inlet  had  also  been  insisted  upon.  To 
examine  these  and  other  probable  causes,  laborious  observations  of 
tides  and  currents  had  been  made  in  the  vicinity,  at  stations  marked 
upon  the  map  now  exhibited  to  the  Association.  Careful  measure- 
ments of  the  low-water  line  had  also  been  made  in  connection  with 
these  observations,  and  with  others  of  the  force  and  direction  of  the 
wind.  Objects  easily  distinguished  from  the  sand,  and  of  various 
specific  gravities  and  shapes,  had  been  deposited  near  the  shore  of 
the  Hook  to  determine  the  power  and  direction  of  transportation  of 
matter  along  the  shores  of  the  Hook.  It  is  easy  to  see  how  laborious 
all  of  these  observations  are,  and  that  some  of  them  are  obtained  with 
considerable  danger.  Hence  the  credit  to  be  given  to  Mr.  Mitchell 
may  be  measured.  The  results  of  these  observations  have  not  yet 
been  worked  out  in  all  their  detail,  but  the  conclusions  from  them  are 
perfectly  safe,  and  are  of  the  highest  importance.  It  turns  out  that 
this  growth  of  the  Hook  is  not  an  accidental  phenomenon,  but  goes  on 
regularly,  and  according  to  determinable  laws.     The  amount  of  in- 
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crease  depends  upon  variable  causes,  but  the  general  fact  is,  that  it 
mcreases  year  by  year ;  and  the  cause  of  this  is  a  remarkable  north- 
wardly current,  the  amount  and  duration  of  which  these  observations 
assign  along  both  shores  of  the  Hook,  the  outer  one  extending  across 
the  whole  breadth  of  False  Hook  channel  with  varying  velocity,  and 
the  one  inside  of  the  Hook  extending  nearly  one  third  of  the  distance 
across  Sandy  Hook  bay.  These  currents  run  to  the  north  during 
both  ebb  and  flood  tide,  with  varying  rates,  and  result  from  those  tides 
directly  and  indirectly.  The  inner  current  is  the  one  by  which  the 
flood  and  ebb  tides  draw,  by  the  lateral  communication  of  motion,  the 
water  from  Sandy  Hook  bay ;  and  the  outer  is  similarly  related  to 
those  tides  as  they  pass  False  Hook  channel.  The  velocities  and 
directions  which  have  been  found,  prove  this  conclusively.  An  im- 
portant observation  for  navigation  results  from  this ;  for  more  than 
seven  hours  out  of  the  twelve  there  is  a  northwardly  current  running 
through  False  Hook  channel,  which  assists  vessels  entering  New  York 
harbor  on  the  ebb  tide,  and  is  to  be  avoided  in  passing  out  with  the  ebb. 
This  northwardly  current  runs  on  the  inside  for  eleven  hours  out  of  the 
twelve.  It  is  the  conflict  of  these  two  northwardly  currents  outside 
and  inside,  and  the  deposit  of  the  materials  which  they  carry  to  the 
point  of  the  Hook,  which  cause  its  growth.  Within  a  century  it  has 
increased  nearly  a  mile,  and  at  the  rate  of  about  one  sixteenth  of  a 
mile,  on  the  average,  in  twelve  years.  Flynn's  Knoll,  on  the  north 
side  of  the  main  ship-channel,  does  not  give  way  as  much  as  the  point 
of  the  Hook  advances.  The  importance  of  watching  this  movement 
cannot,  therefore,  be  overstated.  The  mode  of  controlling  the  growth 
is  obvious  from  the  result  obtained.  The  observations  are  still  contin- 
ued, to  obtain  the  necessary  numerical  results. 
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4.  NbiicE  OP  Observations  to  determine  the  Progress  op  the 
Tidal  Wave  op  the  Hudson  River,  made  by  the  Coast  Survey 
POR  THE  Commissioners  on  Harbor  Encroachments.  By  A.  D. 
Bache,  Superintendent  U.  S.  Coast  Survey. 

Abstract 

Propessor  Bache  explained  the  importance  of  a  knowledge  of  the 
movement  of  the  tide-wave  up  the  Hudson  River  to  the  determination 
of  the  shore  line  of  New  York  bay  and  harbor,  and  the  subject  of 
encroachment  upon  the  area  of  the  harbor,  and  stated  that  the  New 
York  Commissioners  had  directed  a  full  series  of  observations  to  be 
made  for  the  examination  of  this  point  in  the  bearing  just  referred  to, 
and  also  on  the  character  of  the  improvements  projected  for  the  Hud- 
son River  at  the  Overslaugh,  and  indeed  in  the  whole  distance  from 
Troy  to  New  Baltimore.  Nine  tidal  stations  were  in  the  course  of 
occupation  between  Governor's  Island,  New  York,  and  Greenbush, 
opposite  Albany.  At  the  two  terminal  stations  Saxton's  self-register- 
ing gauges  were  placed,  and  he  had  expected  to  invite  the  members  to 
see  the  Albany  gauge ;  but  the  late  freshet  in  the  river  had  required 
its  removal  for  the  present.  Professor  Bache  explained  the  selections 
made  of  the  localities  of  the  tidal  stations,  and  the  reasons  for  their 
special  positions,  and  stated  that  the  results  of  the  work  would  here- 
after be  laid  before  the  Association. 


5.  Supplement  to  the  Paper  on  the  "Secular  Variation  in 
THE  Magnetic  Declination  on  the  Atlantic  and  Gulp  Coast 
OP  THE  United  States,  from  Observations  in  the  17th, 
18th,  and  19th  Centuries,"  published  in  the  Providence 
Proceedings  op  the  Association.  By  Charles  A.  Schott, 
U.  S.  Coast  Survey.  (By  Permission  of  the  Superintendent  of 
the  U.  S.  Coast  Survey.) 

The  former  discussion  of  the  secular  change  of  magnetic  declina- 
tion having  pointed  out  where  new  observations  would  be  of  special 
15* 
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value,  such  additional  determinations  have  been  made  by  myself  at  a 
number  of  stations,  under  the  direction  of  Professor  Bache.  By  their 
introduction,  the  conclusions  previously  arrived  at  have  been  materi- 
ally improved  in  accuracy,  and  have  received  important  additions, 
which  it  is  the  purpose  of  this  paper  briefly  to  state,  with  special  refer- 
ence to  the  formula  and  notation  used  in  the  former  discussion. 

This  supplement  is  confined  to  the  subdivisions  {h)  and  (d),  and 
includes  new  determinations  of  the  declination  at  Burlington,  Vt, 
Boston,  Providence,  New  Haven,  New  York,  Philadelphia,  Cape  May, 
and  Washington  City,  made  during  the  months  of  August  and  Septem- 
ber, 1855. 

The  results  of  the  rediscussion  are  presented  in  the  following  tables, 
which  partly  take  the  place  of  those  given  on  pages  168  and  169  of 
the  Proceedings  of  the  Ninth  Meeting. 

Synopsis  of  BesuUs  of  the  Discussion  for  Secular  Variation  at  Thirteen  Stations, 


No. 

Station. 

Utl- 
tude. 

^- 

1 

Burlington,  Yt 

O       1 

44  28 

0       f 

73  10 

D=»+8.22+0.0494(<- 

-1880)+0  000831(«- 

-1830)* 

2 

Boston, 

42  20 

71    2 

"     +8^3+0.0622 

« 

+0.000596 

u 

3 

Cambridge, 

42  23 

71    7 

«     +8.55+0.0702 

tt 

+0.000720 

f< 

4 

Providence, 

4150 

7124 

««     +7.51+0.0664 

u 

+0^)00852 

5 

New  Haven, 

41  17 

72  55 

«     +5.40+0.0475 

tt 

+0.000814 

f< 

6 

New  York, 

40  43 

74    0 

«     +5.07+0.0536 

+0.000800 

7 

Philadelp&a, 

40    7 

75    8 

"    +2.86+0.0683 

t€ 

+0.001169 

« 

8 

39  58 

75  10 

"     +2.52+0.0595 

+0.001232 

9 

Cape  May, 

38  56 

74  57 

"    +0.88+0.0582 

+0.000809 

10 

Washington, 

38  53 

77    1 

"     +0.88+0.0412 

<t 

+0.001080 

11 

Charleston, 

32  45 

79  51 

"    —3.83+0.0485 

+0.000722 

12 

Mobile, 

sou 

88    0 

«    — 7JM+0.0072 

tt 

+0.000123 

«c 

13 

Havana,  Cuba, 

23    9 

82  22 

"    —6.08+0.0098 

11 

+0.000255 

tt 

No. 

station.            «o         ^ 

d 

Aannal  Variation. 

Tin 
1860. 

-^2 

1 

Burlington,  Vt  ±  10  1800.3 

+7.49 

F=  +0.049  +0.00166  (<— 1830) 

2 

Boston,             ,±  12  1777.8 

+6.72 

"     +0.062+0.00119         *« 

+s.« 

3 

Cambridge,       ±   5  1781.2 

+6.88 

"     +0.070+0.00144        " 

+6.9 

4 

Providence,       ±   7,1791.0 

+6.14 

"     +0.070+0.00178        " 

+6J) 

5 

New  Haven,      ±111800.8 

+4.71 

"     +0.047+0.00163        " 

+4.8 

6 

New  York,        ±  15  1796.5 

+4.15 

"     +0.054+0.00160        " 

+5J! 

7 

Hatborongh, 
Philadelphia, 

±    81799.5 

+1.87 

"     +0.068+0.00224        " 

+6.8 

8 

±2i:i805.9 

+1.80 

'*    +0.060+0.00246        " 

+M 

9 

Cape  May, 

1797.1 

+1.00 

"     +0.053+0.00162        " 

+4.1 

10 

Washing^n, 

. . .  .!l810.9 

+0.49 

"     +0.041  +0.00216 

+8.0 

11 

Charieston,       ±  10 1796.4 

-4.16 

"     +0.048  +0.00144        " 

+4.6 

12 

Mobile,              ....1800.6 

-7.35 

"     +0.007+0.00024         " 

+«./ 

13 

Havana,  Cnba, '1810.8 

—6.17 

"     +0.010  +0.00051         "            +1 J  1 
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The  average  %  from  the  first  seven  stations  is  1792.4,  and  from  the 
last  six  1803.6,  and  the  mean  t  =  1797.6  ±  1.8  years  (see  Proceed- 
ings of  Ninth  Meeting,  p.  171,  note).  To  the  northeastward  of  Phil- 
adelphia, within  the  geographical  limits  of  the  discussion,  we  may 
therefore  assume  the  minimum  to  have  taken  place  ahout  five  years 
earlier,  and  to  the  southward  of  that  place,  about  the  same  number  of 
years  later  than  the  mean  epoch. 

Two  observations  by  Dr.  J.  Locke,  not  obtained  in  time  for  intro- 
duction into  the  discussion,  are  represented  by  the  above  formulae  as 
follows :  —  At  Burlington,  Vt,  June  26th,  1845,  observed  declination 
9""  22'  west,  computed  9""  IV  west;  at  Cambridge,  June  2d,  1845,  ob- 
served declination  9**  32'  west,  computed  9**  49'  west.  The  last 
observation  appears  to  give  too  low  a  value,  since  Mr.  Bond  had  ob- 
tained 9^  39'  in  the  preceding  year. 

(To  d,)  The  re-discussion  of  the  coefiicient  C  in  regard  to  the 
geographical  position  of  the  stations  furnished  the  following  numerical 
result  for  the  coefficients  a?,  y,  z,  u  and  v  :  — 

10,000  C  =  +  556  —  10.4  (Z  —  37^5)  —  44.4  (wi  —  76M)  cos  I 

—  1.65  (Z  —  37^5)«  —  0.08  (m  —  76M)«  cos»  I ; 
or, 

C  =  +  0.0556  —  0.00104 1  —  0.00444  f*  —  0.000165  X« 
—  0.000008  fi»; 
(see  Proceedings  of  the  Ninth  Meeting,  p.  174,  note ;)  which  equation 
satisfied  the  coefficients  C  (or  the  former  y)  as  follows  :  — 


No. 

station. 

C 

O  oomputed. 

^ 

1 

Bnrlington,  Vt., 

0.0494 

0.0496 

+0.0002 

2 

Boston, 
Cambridge, 

0.0622 

0.0636 

+0.0014 

8 

0.0702 

0.0629 

—0.0073 

Providence, 

0.0664 

0.0634 

—0.0030 

New  Haven, 

0.0475 

0.0600 

+0.0125 

New  York, 

0.0536 

0.0577 

+0.0041 

Hatborongh, 
Philadelphia, 

0.0683 

0.0553 

—0.0130 

0.0595 

0.0551 

—0.0044 

9 

Cape  May, 

0.0532 

0.0534 

+0.0002 

10 

Washington,  D.  C, 

0.0412 

0.0507 

+0.0095 

11 

Charleston, 

0.0485 

0.0431 

—0.0054 

12 

Mobile, 

0.0072 

0.0129 

+0.0057 

13 

Havana,  Cuba, 

0.0098 

0.0105 

+0.0007 

The  last  column  gives  »c"   =  ±  0.0057,  which  approaches  still 
closer  to  «y  =  ±  0.0046,  as  deduced  from  the  differences  at  each  sta- 
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tioD.     The  second  co-efficient  C"  has  been  deduced  from  the  mean  of 
the  values  for  O  and  O  computed,  and  was  found  as  follows  :  — 

From  Burlington,        n  =  0.016 


(t 

Boston, 

0.010 

i( 

Cambridge, 

0.012 

(( 

Providence, 

0.013 

iC 

New  Haven, 

0.015 

i( 

New  York, 

0.016 

i( 

Hatborough, 

0.019 

(( 

Philadelphia, 

0.021 

(C 

Cape  May, 

0.015 

iC 

Washington, 

0.023 

cc 

Charleston, 

0.016 

tc 

Mobile, 

0.014 

(C 

Havana, 

0.025 

where  O'  =  n  O. 

The  values  just  deduced  should  be  used 

in  connection  with  the  for- 

mulie 

D=  C  + 

C  {t  —  1830)  + 

C"  {t  —  1830)' 

and 

r  =  C'+2  C"(«  — 1830). 

The  following  comparison  of  the  latest  observations,  with  the  values 
computed  for  the  same  date,  will  show  that  the  latter  exceed  the  for- 
mer, almost  without  exception,  —  an  indication  that  the  rate  of  in- 
crease has  begun  to  lessen,  and  that  the  expectation  of  the  point  of 
inflexion  in  the  curve,  representing  the  rate  of  change  about  the  time 
1867  ±  15  was  not  premature  (see  Proceedings  of  Ninth  Meeting, 
page  167). 


station. 

JDoompatedfor 

JDobeerredin 
1866.& 

C-O. 

Burlington,  Vt, 

+lo!o2 

+  9^95 

+0?07 

Albany, 

8.45 

7.91 

+0.54 

Sfdem, 

11.12 

10.83 

+0.29 

Boston, 

10.30 

10.23 

+0.07 

Cambridge, 

10.76 

10.90 

—0.14 

ProTidence, 

9.68 

9.52 

+0.16 

Nantucket, 

10.15 

9.98 

+0.17 

New  Hayen, 

7.16 

7.05 

+0.11 

New  York, 

6.97 

6.72 

+025 

Philadelphia, 

4.85 

4.53 

+0.32 

Washington, 

+  2.63 

H-  2.40 

+0.23 

The  average  difference  is  +  0®.19  =  11'.    The  precise  date  of 


PHYSICS   OF    THE   GLOBE.  177 

the  maximum  annual  change  cannot  now  he  ascertained,  and  must  he 
left  to  a  future  series  of  ohseryations ;  hut  it  is  recommended,  in  the 
application  of  the  formulsB  for  any  period  suhsequent  to  1850,  to  com- 
pute the  change  for  a  corresponding  interval  prior  to  that  date,  and 
add  it  to  the  declination  in  1850. 

Thus,  for  example,  the  declination  at  Boston  in  1870  will  he  found 
by  computing  the  increase  for  twenty  years  prior  to  1850,  and  adding 
the  same  to  the  declination  for  1850 ;  or  9'*.81  +  1**.48  =11**  18'  W. 

Without  stepping  off  the  positive  ground  heretofore  occupied,  it  will 
be  interesting  to  remark  the  following  epochs :  — 


Di£ferences. 
62  years. 
57     " 
52     " 


Deduced  maximum  declination  in  1679  ±  10  years. 
Known  first  point  of  inflexion,        1741  ±  10     '' 
Known  minimum  declination,        1798  ±    2     ^' 
Supposed  second  point  of  inflexion,  1850. 

From  which  it  would  seem  that  the  periods  are  diminishing,  or  the 
velocity  of  the  secular  variation  is  increasing,  which  latter  remark  is 
sustained  hy  the  comparison  of  *Fi74i  =  —  4'.6  with  Fiaw  =  +  6'.8 
or  -[-  5'.9,  as  deduced  from  all  the  Northern  stations.  The  prediction 
of  the  next  maximum  is  too  hazardous  to  deserve  our  attention  at 
present. 


6.  Discussion  of  the  Secular  Variation  of  the  Magnetic  In- 
clination IN  THE  Northeastern  States.  By  Charles  A. 
ScHOTT,  U.  S.  Coast  Survey.  (Communicated  by  Permission  of 
Professor  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey,  and 
by  Authority  of  the  Treasury  Department.) 

The  following  paper  on  the  secular  variation  of  the  magnetic  incli- 
nation near  the  Atlantic  coast,  between  latitudes  38^  and  44*^,  forms  a 
part  of  the  geneml  discussion  of  the  magnetic  observations  of  the 
Coast  Survey,  under  the  direction  of  the  Superintendent,  the  publica- 
tion of  which  was  commenced  in  the  Superintendent's  annual  report 
for  1855,  and  which  will  be  continued  in  the  report  for  1856. 
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While  the  observations  of  declination  reach  back  as  far  as  the  sev- 
enteenth century,  and  are  quite  numerous  since  the  latter  half  of  the 
eighteenth,  the  observations  for  inclination  are  of  but  recent  date. 
Near  our  Atlantic  coast,  thirty  or  thirty-five  years  include  the  whole 
period,  taking  no  account  of  three  observations  about  1782,  at  Cam- 
bridge. Fortunately  for  our  knowledge,  the  secular  variation  within 
-  this  short  period  has  passed  a  turning-point,  the  epoch  of  which  has 
been  fully  established. 

Here,  as  in  the  declination.  Professor  Loomis  has  contributed  a 
large  share  in  observing,  collecting,  and  discussing  magnetic  dips,  and 
we  are  also  indebted  to  him  for  the  construction  of  an  isoclinal  map. 
Professor  Loomis  says :  "  From  these  observations  [collected  by  him], 
when  compared  with  those  of  Long's  expedition,  we  may  assume  the 
diminution  of  the  dip  from  1819  to  1839  to  be  at  the  rate  of  r.5  a 
year.^'  (Silliman's  Journal,  XXXIX.,  1840,  On  the  Variation  and  Dip 
of  the  Magnetic  Needle  in  the  United  States,  by  E.  Loomis.) 

It  does  not  appear  that  later  a  second  effort  was  made  to  follow 
these  changes  of  the  dipping  needle,  probably  on  account  of  the 
small  change  and  stationary  period  soon  afterwards  reached. 

It  must  be  considered  as  fortunate,  that  the  dip  observations  at  the 
Toronto  Observatory  commenced  as  early  as  1841,  and  therefore  in- 
clude the  turning  epoch,  although  from  these  observations  alone  it 
could  not  be  clearly  made  out.  Colonel  Sabine  remarks  (page 
Ixxxviii.  of  Observations  made  at  the  Magnetical  and  Meteorological 
Observatory  at  Toronto,  Canada,  Vol.  II.,  1843-45,  London,  1853) : 
^^On  a  first  inspection  of  the  values  of  the  inclination  in  the 
years  from  1841  to  1852  inclusive,  we  might  be  led  to  infer  that  in 
1843  or  1844  the  secular  change  at  Toronto  reached  a  turning  epoch, 
and  that,  from  having  been  previously  a  decrease,  it  became  subse- 
quently an  increase  of  inclination.  It  is  possible,  however,  that  the 
facts  may  admit,  and  may  hereafter  receive,  a  different  explanation.*' 
He  then  goes  on  to  show  that  the  change  may  be  owing  to  disturb- 
ances, and  finally  remarks :  ^^  In  the  mean  time,  considering  the  small 
amount  of  the  apparent  irregularities,  together  with  the  variety  of 
needles  employed  in  the  observations  of  the  different  years  and  the 
consequent  possibility  of  defective  intercomparability,  we  may  per- 
haps take  as  the  best  present  approximation  a  uniform  increase  of 
inclination." 
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and  in  the  Transactions  of  the  American  Philosophical  Society,  Vd. 
IX.,  1846.    They  can  be  represented  by  the  formula 

I  =  75^29  —  0.01441  {t  —  1840)  +  0.001636  {t  —  1840)«. 

The  following  table  contains  the  observed  and  computed  inclina- 
tions :  — 


t 

lObMTTed. 

ICompatod. 

A 

o 

o 

o 

1S41.5 

75.28 

76.27 

—0.01 

1842.5 

75.27 

75.26 

—0.01 

1843.0 

75.26 

75.26 

0.00 

1848.5 

75.24 

75.25 

+0X)1 

1844.5 

75.28 

75.25 

-fO.02 

1845.5 

75.26 

75.26 

0.00 

1846.5 

75.25 

75.26 

-H)X)i 

1847.5 

75.26 

75.27 

-fOi)l 

ISiBJi 

75.30 

75.28 

—0.02 

1849.5 

75.31 

75.30 

—0.01 

1850.5 

75.33 

75.32 

—0.01 

1851.5 

75.34 

75.34 

OjOO 

1852.5 

75.34 

75.36 

H-0.02 

The  probable  error  of  any  single  result  is  ±  0'.6. 


Seoulab  Change  ov  the  Maoketio  Dip  at  Albaht  aed  Gbeexbubh, 
,  New  Yobk. 

The  observations  were  extracted  from  the  Transactions  of  the  Amer- 
ican Philosophical  Society,  Vol.  V.,  1835 ;  Ibid.,  Vol.  HI.,  1840 ;  Ibid., 
Vol.  VIIL,  1843 ;  Ibid.,  Vol,  IX.,  1846 ;  SiUiman's  Journal,  Vol.  IV., 
1847;  and  Coast  Survey  Report  for  1855. 

They  are  represented  by  the  formula ' 

J«  74^70  —  0.0086  {t  —  1840)  +  0.00257  {t  —  1840)«, 
which  expression  represents  the  observations  as  follows :  — 


t 

lObsemd. 

JOompnted. 

A 

o 

_  o 

o 

1833.4 

74.85 

74.86 

+0.01 

1837.1 

74.76 

74.74 

—0.02 

1842.0 

74.70 

74.69 

—0.01 

1844.5 

74.69 

74.71 

+0.02 

1855.6 

75.19 

75.19 

0.00 

The  probable  error  of  any  single  result  is  ±  0'.9. 
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Sbouulr  Cajjiaa  of  thb  Maonbtio  Dip  at  Cajgbbidob,  Mabb, 

The  observations  were  taken  from  the  Memoirs  of  the  American 
Academy,  1846 ;  Encyclopsedia  Metropolitana,  1848 ;  Transactions  of 
the  American  Philosophical  Society,  Vol.  VII.,  1840 ;  Ibid.,  Vol.  VIII., 
1843;  Ibid.,  Vol.  IX.,  1846;  SilUman's  Journal,  Vol.  XXXIX.,  1840; 
Ibid.,  Vol.  IV.,  1847 ;  Smithsonian  Contributions  to  Knowledge,  Vol. 
ni.,  1852 ;  and  Coast  Survey  Report  for  1855. 

The  observations  have  been  represented  by  the  following  formula : 

1=  74°.34  —  0.02840  {t  —  1840)  +  0.002400  {t  —  1840)^ 

The  table  shows  the  comparison  of  the  observed  and  calculated  incli- 
nations :  — 


t 

JObmred. 

JOompotod. 

A 

o 

o 

o 

1839.7 

74.31 

74.35 

-fO.04 

1840.5 

74.36 

74.33 

-0.03 

1841.6 

74.22 

74.30 

-f0.08 

1842.4 

74.24 

74.28 

-f0.04 

1844.9 

74.30 

74.26 

—0.04 

1845.5 

74.32 

74.26 

—0.06 

1846.7 

74.21 

74.26 

+0.05 

1855.6 

74.48 

74.48 

—0.00 

The  probable  error  of  any  single  value  is  ±  1'.8. 


Seculab  Chamob  or  the  Maonbtio  Dip  at  Pbovidbncb,  B.  I. 

The  observations  can  be  found  in  Silliman's  Journal,  Vol.  XLIIL, 
1842 ;  Ibid.,  Vol.  IV.,  1847 ;  Transactions  of  the  American  Philosoph- 
ical Society,  Vol.  VII.,  1840 ;  and  in  the  Coast  Survey  Report  for 
1855. 

They  are  represented  by  the  formula 

I  =  73°.99  —  0.0040  {t  —  1840)  +  0.00141  {t  —  1840)«. 
Comparison  of  observed  and  computed  values :  — 


( 

IOhwm± 

JOompated. 

A 

o 

o 

o 

1834.6 

74.05 

74.06 

-f0.01 

1839.7 

73.99 

73.99 

0.00 

1842.5 

74.00 

73.99 

—0.01 

1855.6 

74.27 

74.27 

0.00 

t,=  ±  Of.l. 
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Skoulab  Yabiatioit  ot  thb  Magnbtio  Dip  at  West  Point  axd  Couh 

BPBiNa,  N.  Y. 

References  to  observations  :  Silliman's  Journal,  Vol.  XLIII.,  1842 ; 
Ibid.,  Vol.  IV.,  1847  ;  Transactions  of  the  American  Philosophical  So- 
ciety, Vol.  v.,  1835 ;  Ibid.,  Vol.  VII.,  1840 ;  and  Coast  Survey  Re- 
port for  1855. 

The  observations  have  been  represented  by  the  formula 

I  =  73^43  —  0.00165  {t  —  1840)  +  0.002080  {t  —  1840)», 
The  agreement  with  the  observed  dip  is  as  follows :  — 


1 

JObserred. 

JCompated. 

A 

o 

o 

o 

1833.9 

73.53 

7352 

—0.01 

1889.8 

73.46 

73.43 

—0.03 

1840.5 

73  33 

73.43 

+0.10 

1842.5 

,73.51 

73.44 

—0.07 

1855.6 

73.91 

73.91 

0.00 

The  probable  errbr  of  any  single  value  is  ±  3M. 


Sbculab  CHAxaB  ov  THE  Maombtio  Dip  at  New  Havek,  Conit. 

References  to  observations :  Transactions  of  the  American  Philo- 
sophical Society,  Vol.  VII.,  1840;  Ibid.,  Vol.  IX.,  1846 ;  Silliman's 
Journal,  Vol.  IV.,  1847 ;  and  Coast  Survey  Report  for  1855. 

The  observations  have  been  represented  by  the  formula 

I  ==  73^42  +  0.0020  (<—  1840)  +  0.00117  {t  —  1840)«. 
Comparison  of  observed  and  computed  dips :  — 


t 

JObMrred. 

JCompated. 

Zk 

o 

o 

o 

1839.7 

73.45 

73.42 

—0.03 

1842.4 

73.44 

73.43 

—0.01 

1844.5 

73.40 

73.45 

+0.05 

1848.6 

73.54 

73.52 

—0.02 

1855.6 

73.74 

73.73 

—0.01 

„  =  ±  2'.2. 
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Seoular  Chahob  of  thb  Magnetic  Dip  at  New  Yoxk. 

References  of  observations :  Transactions  of  the  American  Philo- 
sophical Society,  Vol.  V.,  1835 ;  Ibid.,  Vol.  VH.,  1840 ;  Ibid.,  Vol.  IX., 
1846  ;  a  communication  by  Professor  Hansteen,  dated  October  15th, 
1854;  Silliman's  Journal,  Vol.  XXXIX.,  1840;  Ibid.,  Vol.  XLHL, 
1842 ;  Ibid.,  Vol.  XXIL,  1832 ;  Ibid.,  Vol.  IV.,  1847 ;  and  Coast  Sur- 
vey  Report  for  1855. 

These  observations  have  been  represented  by  the  formula 

I  =  72^69  —  0.00491  {t  —  1845)  +  0.001141  {t  —  1845)', 
as  follows :  — 


% 

JOImmd. 

I  Computed. 

A 

o 

o 

o 

1823.9 

73.24 

73.31 

+0.07 

1831.3 

73.00 

72.98 

—0.02 

1833.4 

73.03 

72.91 

—0.12 

1835.0 

72.86 

72.86 

0.00 

1839.7 

72.87 

72.75 

—0.12 

1841.3 

72.68 

72.73 

H-0.05 

1842.5 

72.64 

72.71 

+0  07 

1844.4 

72.62 

72.70 

+0.08 

1845.5 

72.68 

72.69 

+001 

1846.6 

72.65 

72.69 

+0.04 

1845.6 

72.83 

72.77 

—0.06 

The  probable  error  of  any  single  value  is  ±  3^3.  The  above  for- 
mula, when  transformed  for  the  epoch  1840,  becomes 

J=  (to  — 5  y +  25  «)  +  (y  —  10  %)  {t  —  1840)  +  %{t  —  1840)«; 

or  numerically, 

I  =  72^75  —  0.01632  {t  —  1840)  +  0.001141  {t  —  1840)1 

Secular  Change  ov  the  Maoitstio  Dip  at  Pbiladblphia,  Pa. 

References  to  observations:  Transactions  of  the  American  Philo- 
sophical Society,  Vol.  V.,  1835;  Ibid.,  Vol.  VH.,  1840;  Ibid.,  Vol. 
Vin.,  1843 ;  Ibid.,  Vol.  IX.,  1846 ;  Silliman's  Journal,  Vol.  XXXIX., 
1840 ;  Ibid.,  Vol.  XLIL,  1842  ;  Ibid.,  Vol.  IV.,  1847 ;  Observations 
at  Magnetic  Observatory,  Girard  College,  Philadelphia,  1840-45 
(Washington,  1847) ;  and  Coast  Survey  Report  for  1855. 

The  observations  have  been  represented  by  the  formula 

I  =  7^.99  +  0.0010  (t  —  1840)  +  0.00124  {t  —  1840)». 
The  positive  sign  of  ^  probably  arises  from  too  small  a  dip  in  1834, 
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which  also  causes  the  minimum  to  shift  to  an  earlier  date  than  the 
other  stations  indicate. 


t 

/ObMTTed. 

I  Computed. 

A 

o 

o 

o 

1S34.5 

72.00 

72.02 

-K).02 

1840.2 

72.00 

71.99 

—0.01 

1841.3 

71.97 

71.99 

-K).02 

1842.5 

72.00 

72.00 

0.00 

1843.6 

71.96 

72.01 

-H).05 

1844.4 

72.03 

72.02 

—0.01 

1846.4 

•      72.02 

72.05 

-4-0.03 

1855.7 

72.30 

72.31 

+0.01 

The  probable  error  of  any  single  value  is  ±,  V.O. 

If  we  consider  the  important  series  of  dips  observed  at  the  Girard 
Observatory  by  itself,  we  find  the  secular  change  between  1842  and 
1844  is  much  masked  by  the  annual  inequality  and  other  irregular- 
ities, as  will  be  seen  from  the  separate  results.  The  quarterly  means 
probably  indicate  the  minimum  about  the  autumn  of  1843 ;  in  the  re- 
capitulation, however,  I  have  preferred  to  give  the  result  derived  from 
the  discussion  of  all  observations. 


Secular  Chakob  ov  the  Magnetic  Dip  at  Washington,  D.  C. 

References  to  observations :  Silliman^s  Journal,  Vol.  XXXIX.,  1840 ; 
Ibid.,  Vol.  I.,  1846  ;  Ibid.,  Vol.  IV.,  1847  ;  Transactions  of  the  Amer- 
ican Philosophical  Society,  Vol.  VII.,  1840;  Ibid.,  Vol.  IX.,  7th  series, 
1844;  Ibid.,  Vol.  VIII.,  1843;  Senate  Document,  2d  Session,  28th 
Congress,  1844-45 ;  and  Coast  Survey  Report  of  1855. 

The  following  formula  represents  these  observations : 


i=  71^^9  —  0.01496  (< 

with  the  differences  :  — 


1840)  +  0.001728  (t  1840)'; 


t 

/  Observed. 

/Computed. 

^ 

o 

o 

o 

1839.2 

71.29 

71.30 

-hOOl 

1841.0 

71.30 

71.27 

—0.03 

1842.5 

71.22 

71.26 

H-0.04 

1844.4 

71.27 

71.25 

—0.02 

1851.5 

71.32 

71.34 

+0.02 

1852.4 

7139 

71.37 

—0.02 

1855.7 

71.47 

71.48 

-4-0.01 

The  probable  error  of  any  single  result  is  ±  VJi. 
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Seculab  Chanqb  or  the  Maokbtic  Dip  at  Baltihobb,  Md. 

References  to  observations:  Transactions  of  the  American  Philo- 
sophical Society,  Vol.  V.,  1835;  Ibid.,  Vol.  VHI.,  1843;  Ibid.,  Vol. 
IX.,  1846 ;  and  Silliman's  Journal,  Vol.  IV.,  1847. 

For  want  of  an  observation  at  the  present  time,  the  formula  ex- 
pressing the  variation  in  the  dip  can  only  be  approximate ;  the  obser- 
vations are  well  represented  by 

I  =  7r.72  —  0.0357  (t  —  1840)  +  0.00104  {t  —  1840)% 

which  agi^es  very  well  in  regard  to  the  curvature  (z)  with  the  rest  of 
the  stations. 

Bbcapitulation  or  Bbsultb. 

TABLE  No.  I. 
Geographical  Position  of  Stations^  and  Number  of  Observations  for  Dip  at  each. 


No. 

Statkm. 

Latitode. 

Longltadfl. 

O       / 

79  20 

No.  of  Obwr- 
vationa. 

1 

Toronto,  Canada, 

O       / 

43  33 

15 

2 

Albany  (and  Greenbush),  N.  Y., 

42  37 

73  44 

9 

3 

Cambridge  (and  Boston),  Mass., 
Providence,  B.  I., 

42  22 

71  07 

17 

4 

41  50 

71  24 

4 

5 

West  Point  (and  Coldspring),  N.  Y., 

4125 

73  57 

6 

6 

New  Haven,  Conn., 

41  17 

72  55 

10 

7 

New  York,  N.  Y., 

40  43 

74  00 

22 

8 

Philadelphia,  Pa., 

39  58 

75  10 

45 

9 

Washington  (and  Creorgetown),  D.  C, 

38  53 

77  01 

17 

10 

Baltimore,  Md., 

39  18 

76  37 

16 

TABLE  No.  IL 

Formula  expressing  the  Indination  at  the  severed  Stations,  arranged  in  the  order  of  their 

Magnetic  Latitude, 


\ 

Toronto, 

/  = 

=  75.29  —  0.0144  {t  —  1840)  +  0.00164  («  —  1840)". 

Albany, 

(C 

74.70  —  0.0086         « 

-4-  0.00257         " 

Cambridge, 

w 

74.34  —  0.0284        ** 

+  0.00240         •* 

Providence, 

(( 

73.99  —  00040        « 

-4-  0.00141         " 

West  Point, 

tl 

73.43  —  0.0016         « 

4-  0.00208         " 

New  Haven, 

IC 

73.42  -4-  0.0020         « 

+  0.00117         " 

New  York, 

u 

72.75  —  0  0163        " 

-4-0.00114         " 

Philadelphia, 

tt 

71.99  -4-  O.OOIO        «* 

-4-  0.00124         " 

Washington, 

u 

71.29  —  0.0150        « 

-4-  0.00173 

The  agreement  of  the  values  for  y  and  %  must  he  considered  as  very 

satisfactory.    The  shifting  of  the  epoch  <o  by  a  few  years  would  give 

equal  sign  to  y  for  all  stations ;  but  hy  so  doing  nothing  is  gained. 

The  coefficients  2,  expressing  the  curvature,  are  still  more  accordant 

than  the  v^s. 

16* 
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TABLE  No.  m. 

Shomng  the  PrcbalU  Error  «o  of  any  singU  DeUrmnation  fir  Dip  (or  in  many  comb  tf 
the  Mean  of  several  Observations  at  the  same  time)^  the  ipocA  T  of  the  Mininnm  D^, 
and  the  Annual  Variation  Vin  the  current  Year. 


Station. 

•0 

r 

F186d. 

Toronto, 

±o!6 

1844.7 

+  2.1 

Albany, 

0.9 

1841.7 

+  4.3 

Cambridge, 

1.8 

1845.9 

+  2.9 

Providence, 

0.7 

1841.4 

+  2.9 

West  Point, 

2.4 

1840.4 

+  3.9 

New  Haven, 

S.2 

1839.2 

+  2.3 

New  York, 

3.3 

1847.1 

+  1.2 

Philadelphia, 

I.O 

1839.6 

+  2.2 

Washington, 
Mean, 

±  1.2 

1844.3 
1842.7  ±0.7 

+  24 

±1.6 

+  2.7 

Professor  Hansteen,  in  his  paper  in  the  Astronomische  NachriehUn^ 
alluded  to  before,  obtained  for  New  York  a  result  contradictoiy  of  the 
above  well-established  one,  and  supposes  the  dip  to  attain  a  maximum 
value  in  1822.3.  This  is  due  to  the  small  number  and  uncertainty  of 
the  observations  used.  The  recent  observations  have  been  furnished 
to  him  at  his  request,  and  he  will  probably  see  cause  to  modify  his  for- 
mer conclusions  on  this  point.  We  see  thus  that  the  inclination  has 
become  stationary  1842.7  —  1797.2,  or  45J  years  after  the  declina- 
tion was  in  a  similar  condition. 

In  the  Northeastern  States  the  inclination  reached  a  minimum  about 
the  middle  of  the  year  1843,  and  from  a  previous  decrease  has  be- 
come increasing  since  that  time,  with  a  gradually  increasing  rate. 

The  formulsB  deduced  apply  with  certainty  for  ten  or  fifteen  years 
before  and  after  the  year  1843,  and  in  the  absence  of  other  informaticm 
may  be  extended  as  far  back  as  the  commencement  of  the  present 
century. 

I  append  a  few  remarks  in  reference  to  the  secular  change  in  the 
Western  part  of  this  continent.  While  at  St.  Louis  and  other  places 
in  the  Western  States  the  dip  was  decreasing  since  1819  until  about 
1842,  we  find  the  same  thing  to  have  taken  place  on  the  Western 
coast ;  and  from  the  scanty  material  available  in  that  region,  we  have 
sufficient  proof  of  the  fact,  that  since  the  close  of  the  last  century  tbe 
dip  was  decreasing  at  an  average  rate  of  about  2'  a  year,  and,  after 
having  become  stationary  nearly  about  the  same  time  as  on  the  Atlan- 
tic coast,  is  now  on  the  increase.    Thus  at  San  Diego  the  minimum 
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took  place  about  1844,  and  even  as  high  north  as  Sitka  this  epoch 
appears  to  have  obtained.  Professor  Hansteen,  in  No.  947  Ast 
Nach»^  calculates  for  this  place, 

I  =  75^84  +  0.0084  {t  —  1840)  +  0.00068  {t  —  1840)% 

and  consequently  T  =  1833.8  ±  6.4  years. 

Thus  it  appears  with  great  probability  that,  over  the  northern  part 
of  the  United  States,  from  ocean  to  ocean,  the  secular  change  of  the 
inclination  has  been  following  a  uniform  law,  reversing  its  direction 
about  the  same  period. 

In  regard  to  the  Southern  States,  there  is  not  a  sufficient  number  of 
observations  to  permit  a  conjecture  as  to  the  secular  variation  of  the 
dipping  needle. 


7.  On  the  General  Distbibittion  of  Tebbestbial  Magnetism  in 
THE  United  States,  fbom  Obsebvations  made  in  the  United 
States  Coast  Suryet  and  Othebs.  By  A.  D.  Bache,  Superin- 
tendent, and  J.  E.  Hilgabd,  Assistant. 

Dttbing  the  progress  of  the  Coast  Survey  within  the  last  twelve 
years,  observations  of  the  magnetic  elements  have  been  made,  under 
special  instructions  from  the  Superintendent,  at  most  of  the  astronom- 
ical stations,  and  near  many  capes  and  harbors  where  a  knowledge  of 
the  variation  of  the  compass  was  requisite  for  the  use  of  navigation. 
The  number  of  magnetic  stations  now  amounts  to  about  one  hundred 
and  sixty,  distributed  (irregularly  as  yet)  along  the  entire  sea-coast  of 
the  United  States,  on  a  great  portion  of  which  magnetic  observations 
were  now  made  for  the  first  time.  The  object  of  this  paper  is  to  de- 
duce from  the  Coast  Survey  observations,  in  connection  with  others  of 
recent  date,  the  general  distribution  of  terrestrial  magnetism  in  the 
United  States,  as  far  as  the  data  available  will  warrant  the  conclusions. 

These  observations  have  been  discussed  from  time  to  time  under  the 
immediate  direction  of  the  Superintendent  of  the  Coast  Survey,  with 
the  double  purpose  of  determining  the  distribution  of  magnetism  in 
different  sections  of  the  United  States,  and  the  local  irregularities. 
Observations  have  also  been  repeated  at  many  places  where  the  dis- 
crepancies indicated  the  necessity  for  such  a  course,  and  generally 
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resulted  in  throwing  the  discrepancies  upon  the  existence  of  local 
attraction. 

The  area  under  discussion  is  so  large,  and  the  ohservations  compar- 
atively so  sparse,  that  nothing  more  than  the  general  distribution  can 
at  present  be  attempted.  Local  deviations  from  the  general  system,  of 
greater  or  less  magnitude  and  extent,  are  apparent  in  the  table  of  re- 
siduals given  at  the  close  of  this  paper,  which  must  be  ascribed  mainly 
to  local  attraction,  since  the  errors  of  observation  are  far  less  in 
amount,  and  point  out  localities  where  additional  observations  will  be 
most  useful. 

The  results  of  the  Coast  Survey  observations  are  given  in  Table  L, 
which  gives  the  latitude  and  longitude  of  the  stations,  the  declination, 
dip,  and  horizontal  intensity  of  the  earth^s  magnetic  force,  the  date  of 
the  observations,  and  a  reference  to  the  particular  locality,  its  geology, 
and  other  attending  circumstances. 

The  record  of  these  observations,  and  the  details  of  methods  and 
instrumental  constants,  will  shortly  be  published  as  part  of  the  Coast 
Survey  records  and  results,  for  the  publication  of  which  Congress  has 
provided.     A  brief  notice  will  therefore  suffice  here. 

In  observing  the  declination^  the  magnetic  meridian  has  generally 
been  obtained  by  means  of  collimator  magnets,  using  Gauss  and  We- 
ber^s  transportable  magnetometer,  while  the  astronomical  meridian  was 
derived  from  the  triangle  sides  of  the  Coast  Survey,  or  obtained  by  di- 
rect observations. 

The  dip  has  been  observed  with  needles  of  from  six  to  ten  inches 
in  length,  made  by  Gambey  and  by  Barrow.  Two  needles  have  gen- 
erally been  used,  —  or  when  one  only  was  employed,  it  has  been 
carefully  tested  and  compared. 

The  horizontal  intensiiy  has  been  determined  in  absolute  measure 
by  vibrations  and  deflections,  according  to  the  methods  of  Gauss  and 
Lament.  The  units  of  measure  are  those  used  in  the  British  surveys. 
•  From  the  agreement  of  repeated  observations,  it  is  inferred  that  the 
uncertainty  of  the  observations  at  a  particular  spot  does  not  exceed 
one  or  two  minutes  of  arc  in  the  declination  and  dip,  and  ^^  part  of 
the  horizontal  force. 

The  data  derived  from  other  sources  that  are  combined  with  the 
Coast  Survey  observations  are  all  of  recent  date,  in  order  not  to  intro- 
duce much  uncertainty  into  the  reduction  to  a  common  period.  They 
are:  — 
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1.  Observations  by;  Lieutenant  (now  Colonel)  Lefrot  of  tbe  R.  B. 
Artillery,  in  Canada,  along  the  St.  Lawrence,  and  at  Toronto  ;  being 
part  of  those  published  by  Colonel  Sabine  in  the  Philosophical  Trans- 
actions of  1846  and  1849. 

2.  Observations  made  in  connection  with  the  Survey  of  the  North* 
eastern  Boundary.  —  Ibid. 

3.  Observations  of  Horizontal  Intensity  in  *Waterville,  Maine.  By 
Professor  G.  W.  Keely,  in  1847,  Philosophical  Transactions,  1848. 

4.  Observations  by  the  late  Dr.  John  Locke,  in  various  parts  of  the 
United  States,  especially  in  Ohio  and  the  Northwestern  States.  AmeT' 
icon  Philosophical  Transactions,  1846,  and  Smithsonian  Contribu- 
tions, 1852.  The  values  of  horizontal  intensity  in  this  series  are 
originally  expressed  in  terms  of  the  force  at  Cincinnati,  and  have  been 
converted  into  British  units  through  the  observations  at  Toronto,  which 
is  one  of  the  stations. 

5.  Observations  in  various  parts  of  the  Middle  and  Western  States. 
By  Professor  E.  Loomis,  American  Philosophical  Transactions,  Vols. 
Vn.  and  VIII. 

6.  Observations  made  on  the  Mexican  Boundary  Surveys,  under  the 
direction  of  Major  W.  H.  Emory,  U.  S.  A.,  recently  presented  by  him 
to  the  American  Academy  of  Sciences. 

7.  Observations  made  by  Captain  Whipple's  party  in  the  Pacific 
Sailroad  Explorations  near  the  35th  parallel  of  latitude.  This  series, 
not  heretofore  published,  was  kindly  furnished  us  by  Captain  A.  W. 
Whipple,  U.  S.  Top.  Engineers,  and  is  given  in  full  in  Table  II.  It 
will  be  seen  that  a  large  number  of  the  stations  are  at  a  great  elevation 
above  the  sea.  level.  The  effect  of  elevation  on  the  action  of  the 
earth's  magnetism  has  generally  been  found  insensible,  and  in  the  ab- 
sence of  any  known  correction  the  observations  have  necessarily  been 
used  without  regard  to  height.  The  observations  have  been  made 
with  a  Fox  dip-circle,  and  Cambridge,  Mass.  was  used  as  reference 
station  for  the  intensity.  The  numbers  in  the  table  denoting  the  total 
intensity  may  be  considered  as  referring  to  the  arbitrary  scale,  in 
which  the  total  force  at  London  is  1.372,  with  the  usual  uncertainty 
on  account  of  secular  variation. 

For  use  on  the  map  they  have  been  multiplied  by  7.41  to  give  the 
total  intensity  in  British  units,  and  by  the  cosine  of  the  dip  for  the  hor- 
izontal force.     The  factor  7.41  is  the  ratio  of  13.32,  the  total  intensity 
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in  British  units  at  Cambridge,  from  observations  by  Mr.  W.  C.  Bond 
and  the  Coast  Survey  observations  in  the  vicinity,  to  1.7d8,  the  refer- 
ence number  in  the  table. 

8.  Table  III.  gives  some  observations  of  declination  not  before  pub- 
lished, collected  from  various  sources  for  this  discussion. 

Correction  for  Secular  Variation. 

The  observations  in  the  discussion  have  been  reduced  to  the  com- 
mon date  of  January,  1850,  by  the  best  values  for  the  annual  change 
that  could  be  arrived  at 

The  annual  change  for  the  declination  and  dip  has  been  used  as 
found  in  the  discussion  by  Mr.  C.  A.  Schott,  communicated  to  the  As- 
sociation by  authority  of  Prof.  Bache,  and  printed  in  the  present  volume. 

For  the  Northwestern  States  we  deduce,  from  scanty  data,  and  have 
applied,  an  annual  change  of  from  VS  to  2'  decrease  of  easterly  decli- 
nation. 

Determinations  of  intensity  in  absolute  measure  are  of  so  recent  a 
date  that  but  little  is  known  in  regard  to  its  secular  variation.  Ob8e^ 
vations  of  the  horizontal  force  at  Toronto,  Boston,  New  York,  Phila- 
delphia, and  Pascagoula,  made  during  the  interval  between  1843  and 
1855,  concur  in  showing  a  decrease  of  nearly  iVmr  P^^  ^^  ^^^  ^^^^ 
per  year.  If  we  suppose  the  total  force  to  remain  constant,  the  known 
increase  of  the  dip  would  account  for  a  rather  larger  diminution  of  the 
horizontal  component ;  and  since  it  is  probable  that  the  total  intensity 
is  likewise  slightly  on  the  increase,  the  result  obtained  from  our  scan- 
ty data  may  be  considered  sufficiently  well  established  to  be  used. 

Our  knowledge  of  the  secular  changes  on  the  Western  coast  and  in 
the  Territories  is  so  deficient,  that  no  satisfactory  reduction  can  be  ap- 
plied to  the  observations.  The  changes,  however,  are  known  to  be 
small,  and  the  observations  do  not  differ  greatly  in  date.  Their  mean 
date  is  about  1852,  which  may  be  considered  as  the  period  to  which 
the  Western  part  of  our  map  corresponds  more  nearly  than  to  1850. 

Construction  of  Map. 

In  the  construction  of  the  lines  on  the  map,  both  the  graphic  and 
analytical  methods  have  been  used. 

Observations  within  limited  spaces  were  united  into  groups,  by  tak- 
ing the  arithmetical  means  ;  a  number  of  such  groups  were  combined 
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by  conditional  equations  of  the  second  degree,  amounting  to  an  inter- 
polation by  second  differences. 

The  several  systems  of  groups  were  so  arranged  as  to  overlap,  and 
the  slight  disagreement  in  the  joining  was  adjusted  by  an  interpolation 
partly  graphic  and  partly  arithmetical. 

When  the  latitude  and  longitude  of  stations  have  appeared  unsuit- 
able co-ordinates  of  position,  owing  to  the  stations  being  distributed  in 
an  oblique  direction  to  the  meridian,  they  were  carefully  projected  on 
a  map  and  referred  by  measurement  to  an  assumed  axts  of  co-ordi- 
nates in  any  convenient  linear  measure ;  the  lines  deduced  from  the 
conditional  equations  so  formed  being  projected  according  to  the  same 
system,  the  latitude  and  longitude  of  points  in  them  could  be  read  off 
and  tabulated,  the  artificial  system  serving  only  as  a  convenient  means 
of  interpolation. 

On  the  accompanying  maps  the  lines  of  equal  declination,  dip,  and 
horizontal  intensity  have  been  drawn  only  as  far  as  they  were  war- 
ranted by  observations.  For  places  within  the  range  of  the  lines,  ap- 
proximate values  may  be  readily  obtained  by  graphical  interpolation. 

Table  IV.  gives  the  differences  between  the  observed  values  at  the 
Coast  Survey  stations  reduced  to  1850,  and  the  corresponding  values 
on  the  maps.  It  will  be  seen  that  there  are  a  few  large  residuals, 
sometimes  exceeding  2^  in  declination,  1°  in  dip,  and  ^  of  the  hori- 
zontal force,  which  belong  to  isolated  stations  (see  Mount  Pleasant, 
No.  5,  and  Patuccawa,  No.  15),  or  very  limited  localities  (see  stations 
near  Cape  Ann,  Nos.  20  to  24) ;  in  these  cases,  local  attraction  is  too 
apparent  to  allow  the  observations  to  be  used  in  the  construction  of  the 
map. 

We  find  further,  that,  in  certain  more  extended  localities,  the  residu- 
als, in  declination,  amounting  in  the  average  to  about  20^  or  25',  have 
one  sign,  indicating  a  more  general  deviation  from  a  regular  system. 
Thus  the  observed  declination  near  New  York,  eastward  to  Black 
Rock,  and  westward  to  Princeton,  are  larger  than  those  deduced, 
while  near  Cape  May,  in  the  lower  part  of  New  Jersey  and  Delaware, 
they  are  less ;  in  the  western  part  of  Massachusetts  they  are  greater, 
in  the  eastern  part  they  are  less.  For  the  want  of  more  ample  mate- 
rial, especially  of  observations  in  the  interior,  no  attempt  has  at  pres- 
ent been  made  to  represent  these  irregularities  in  the  system  of  lines. 
They  are  greatest  in  amount  in  the  Eastern  and  Middle  States,  where 
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the  average  of  the  residuals,  irrespective  of  sign,  is  16',  excluding  the 
class  first  noticed.  Along  the  shores  of  the  Gulf  of  Mexico  it  is  6', 
and  on  the  Western  coast  it  amounts  to  KV. 

The  residuals  of  the  dip  observations  are  less  than  those  of  the  dec- 
lination, amounting  in  the  average  to  7',  and  there  are  a  less  number 
of  large  disturbances.  When  we  consider  that  the  disturbing  polari- 
ties probably  act  nearly  in  the  plane  of  the  horizon,  we  may  conclude 
that  the  irregularities  of  the  dip  should  bear  a  still  smaller  proportion 
to  those  of  the  declination  ;  and  we  see  that  the  constant  instrumental 
errors,  which  are  larger  for  the  dip  than  for  the  declination,  are  not 
without  sensible  effect  on  the  magnitude  of  the  residuals. 

Upon  the  same  consideration,  it  will  not  be  surprising  that  the  resid- 
uals of  the  horizontal  force  observations  are  larger  in  proportion  than 
those  of  the  dip,  being  in  the  mean  about  the  sixtieth  part  of  the  actual 
values  of  the  horizontal  intensities.  A  variation  of  W  in  the  dip 
would  correspond  to  one  of  the  hundred  and  twentieth  part  of  the 
horizontal  force. 

COMPABISON   OF   MaPS. 

A  comparison  of  the  maps  herewith  presented  with  other  similar 
ones  that  have  heretofore  been  constructed,  cannot  fail  to  be  interest- 
ing and  instructive. 

Declination.  Allowing  for  the  change  in  ten  years,  the  lines  on 
Professor  Loomis's  map  for  1840  (Silliman*s  Journal^  Vol.  XL.)  agree 
well  with  the  present  map  ;  considering  the  comparatively  small  num- 
ber and  often  unreliable  character  of  observations  they  were  based 
upon,  the  agreement  is  remarkable,  and  leads  to  the  hope  that  valua- 
ble results  may  be  derived  from  the  recent  observations  made  in  con- 
nection with  surveys  of  public  lands  in  the  country  west  of  the  Missis- 
sippi, in  which  Burts^s  solar  compass  has  been  used  to  a  great  extent 

Colonel  Sabine's  chart  of  the  declination  in  the  Atlantic  Ocean 
(Philosophical  Transactions^  1849)  covers  only  the  northeastern  por- 
tion of  our  map,  which  in  that  portion  in  part  is  based  upon  the  same 
observations  used  by  him.  The  agreement  is  not  as  close  as  it  would 
be,  if,  in  reducing  the  observations  of  1844  and  1845  to  1840,  the 
epoch  of  the  map,  the  secular  change  used  had  not  been  considerably 
in  error,  as  already  noted  in  Mr.  Schott^s  paper  on  the  secular  change 
of  the  declination  {Proc.  Am.  Association^  9th  Meeting).    As  it  is,  the 


I.'.  ,  /./.  /l,r„ .  /.IT  / -ntf.,,,    .V  X  >: 


PHYSICS    OF    THR  GLOBE. 


193 


lines  agree  well  in  direction,  but  occupy  too  nearly  the  same  position 
for  the  differenqes  of  epoch. 

The  most  important  comparison  is  that  with  Gausses  maps  of  the 
computed  values  of  the  declination,  dip,  and  horizontal  intensity. 
They  are  the  only  ones  in  which  the  three  elements  have  been  con- 
sidered as  having  a  necessary  connection  with  each  other,  and  while 
they  may  be  considerably  in  error  as  to  absolute  quantities,  the  agree- 
ment in  form  with  the  lines  on  our  maps,  derived  purely  from  obser- 
vations, is  strong  evidence  of  the  general  correctness  of  the  assump- 
tions upon  which  they  are  based: 

The  data  for  the  declination  were  taken  by  Gauss  from  Barlow^s 
map  in  the  Philosophical  Transactions^  1833,  of  which  the  mean 
epoch  cannot  be  later  than  1830.  The  system  of  lines  derived  by 
Grauss  on  theoretical  considerations  differs  in  Certain  localities  materi- 


ally from  that  of  Barlow.     The  annexed  diagram  exhibits  the  essen- 
tial difference  m  form.     While  Barlow's  line  of  10°  (indicated  by  a 
17 
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broken  line)  has  several  branches  which  diverge  tangential ly,  accord* 
ing  to  Gauss  such  a  divergence  cannot  take  place ;  but  when  there  is 
a  space  within  which  the  declination  is  less  than  outside  any  portion 
of  its  limiting  line,  that  line  must  form  a  loop,  the  two  branches  inter- 
secting nearly  at  right  angles,  as  shown  in  the  looped  line  of  8°  45'. 
It  must  be  remembered  that  the  region  in  question  is  one  where  very 
few  observations  had  been  made  in  1830,  and  that  Barlow^s  system  is 
probably  quite  as  much  as  that  of  Gauss  a  theoretical  interpolation, 
though  graphically  performed ;  and  that  hitherto  there  have  been  no 
observed  facts,  in  the  region  of  Texas  and  New  Mexico  at  least,  upon 
which  a  decision  could  be  based. 

A  form  of  branching  similar  to  that  on  Barlow^s  map,  and  at  vari- 
ance with  Gauss's  theory,  occurs  in  Hansteen's  Erdmagnetismus^ 
and  has  been  preserved  on  a  recent  map  of  the  declination  in  his  Mag- 
netiske  Inclinations  Forandring^  1855. 

It  will  be  seen  that,  if  Barlow's  system  represents  the  forms  cor- 
rectly, the  line  of  9°  easterly  declination  along  the  coast  of  Texas 
should  turn  to  the  southeast^  while  the  line  on  our  map,  fixed  by  nu- 
merous observations,  turns  decidedly  to  the  southwest^  in  conformity 
with  Gauss's  system.  In  going  westward  along  the  Mexican  boundary 
there  is  not  a  decrease  and  subsequent  increase,  as  Barlow's  map  indi- 
cates, but  a  steady  increase,  established  by  the  observations  along  that 
boundary.  The  general  agreement  in  form  between  the  lines  on  our 
map  and  the  Gauss  system  is  striking.  Observations  in  Central  Amer- 
ica would  at  present  be  of  the  greatest  value  in  deciding  the  matter 
under  discussion.  The  isolated  observation  at  Panama,  Table  III.,  has 
aided  greatly  in  fixing  the  direction  of  the  line  of  7^  east,  determining 
that  it  still  turns  to  the  southeast. 

On  the  Atlantic  coast  the  Gauss  lines  of  declination  agree  well  in 
position  with  6urs,  allowing  for  the  difference  of  epoch.  On  the  west- 
ern coast  they  are  farther  to  the  south,  which  seems  contrary  to  what 
is  supposed  to  be  the  secular  change. 

Dip.  With  LooMis's  map  before  quoted,  and  Sabine's  map  of  the 
dip  in  British  America,  Philosophical  Transactions^  1846,  the  agree- 
ment is  excellent.  The  Gauss  lines  agree  well  in  form,  but  difier 
from  2°  to  2^°  in  the  amount  of  dip.  This  is  due  to  the  errors  of 
Horner's  map,  from  which  they  are  derived,  and  on  which  the  lines 
are  about  2^°  out  of  position.    It  must  be  remembered  that  they  were 
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altogether  interpolated,  no  observations  of  dip  in  the  United  States 
being  known  when  Homer's  map  was  constructed. 

Horizontal  Intensity.  For  a  comparison  of  this  element,  we  have 
only  Gauss's  chart,  on  which  the  lines  are  affected  by  the  errors  of 
the  dip  lines,  by  means  of  which  they  have  been  derived  from  Sa- 
bine's general  map  of  the  total  intensity  for  1836.  The  values  of  the 
Gauss  lines  being  expressed  in  the  arbitrary  scale,  multiplied  by 
1000,  we  reduce  them  to  absolute  measure  through  the  observations 
at  Toronto,  where  in  1844  the  total  intensity  in  the  arbitrary  scale  was 
1.836,  the  dip  75°  13'.4,  the  horizontal  force  3.54  in  absolute  measure 
in  British  units,  giving  a  multiplier  of  7.56  for  the  arbitrary  scale,  or 
0.00756  for  Gauss's  values.  We  find  thus  3.78  equivalent  to  Gauss's 
line  of  500,  along  which  the  actual  horizontal  force  is  4.24  to  4.30 ; 
in  the  same  place  the  dip  is  really  IV  30',  and  on  Gauss's  map 
73**  15'. 

Corresponding  differences  exist  in  other  parts  of  the  map. 

Supplementary  Note,  The  following  results  of  observations  recently 
made  in  Mexico  for  the  Smithsonian  Institution  are  added  here,  with 
the  permission  of  the  Secretary,  from  his  eleventh  report  to  the  Re- 
gents. They  afford  a  strong  confirmation  of  the  conclusions  arrived 
at  in  this  discussion. 

The ,  observations  were  made  under  the  direction  of  Baron  Mueller, 
of  Marseilles,  by  Mr.  A.  Sonntag,  during  the  autumn  of  1856,  with  the 
modern  improved  instruments  belonging  to  the  Smithsonian  Insti- 
tution. 


NameofStsaon. 

Latiiade. 

Loogifcade. 

Declination 
Kast. 

Dip. 

HorUontal 
Intensity. 

o     / 

O       i 

o    / 

O       / 

Vera  Croz, 

19  12 

96    9 

8  17 

43  58 

7.533 

Potrero, 

18  56 

96  48    H 

8  39 

42  51 

7.576 

Orizaba, 

18  53 

97    4 

8  28 

42  51 

7.579 

St  Andres  Chalchecomula, 

18  59 

97  14 

8  13 

42  38 

7.594 

Mirador. 

19  13 

96  37 

8    2 

43  48 

7.528 

City  of  Mexico, 

19  26 

99    5 

8  46 

41  26 

7.581 
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TABLE  I.    Magnetic  Observations  made  during  the  Progress  of  Urn 


No 

NajnaofStetion. 

Latitude. 

Longitodtt 

DeoUsft- 
Uon  WMt. 

Dip. 

Horfaootal 
Intaniity. 

3.236 

1 

Moant  Harru, 

O          1 

44  39  9 

O         1 

69    8.5 

O        1 

14  34.6 

O        1 

76  14.1 

2 

Ragged  Moantain, 

44  12.7 

69    8.7 

14  16.8 

75  41.2 

3.339 

3 

Camden  Village, 

44  12.0 

69    5.0 

13  57.1 

75  41.5 

3.340 

4 

Mount  Sebattis, 

44    9.1 

70    4.5 

12  53.5 

75  40.6 

3.411 

5 
6 

Mount  Pleasant, 
Cape  Small, 

44    1.6 
43  46.7 

70  49.0 
69  50.4 

14  32.1 
12    5.5 

76    1.5 
75    1.8 

3j^11 
3i»7 

7 

Mount  Independence, 

43  45.5 

70  18.9 

11  46.4 

75  23.8 

3.360 

8 

Burlington, 

44  27.5 

73  10.0 

9  57.1 

75  56  8 

3425 

9 

Bowdoin  Hill, 

43  38  8 

70  16.2 

1141  1 

75  14.1 

3.450 

10 

43  32.6 

70  14.1 

12  18  1 

75    8.0 

3463 

11 

Fletcher's  Neck, 

43  26  8 

70  20.2 

11  17.5 

75  18.3 

3440 

12 
13 
14 

Kennebunk  Port, 
Mount  Agamenticos, 
Cape  Ncddick, 

43  21.4 
43  13.4 
43  11.6 

70  27.8 
70  412 
70  36.1 

1123.6 

10  9  8 

11  9.0 

75  141 
74  547 
74  57.9 

3448 
3456 
3.516 

15 

Patnccawa, 

43    7.2 

71  11.5 

10  42.8 

76  49.5 

3.020 

16 

Kittery  Point, 

43    4.8 

70  42  7 

10  30.2 

74  57.2 

8300 

17 

Mount  Unkonoonuc, 

42  59  0 

71  35.0 

9    4.1 

75    8.7 

3.469 

18 

Isle  of  Shoals, 

42  59.2 

70  36.5 

10    3.5 

74  44.1 

3481 

19 

Plum  Island, 

42  48.0 

70  48.5 

10    5.6 

74  54.9 

3.530 

20 

Annis  Sqnam, 

42  39.4 

70  40.3 

U  36.7 

t 

21 
22 

Beacon  Hill, 
Baker's  Island  Light, 

42  36.2 
42  32.2 

70  38.3 
70  46.8 

11  21.1 

12  17.0 

74  26  4 
74  18.6 

3.617 
3.674 

23 

tt 

24 
25 
26 

Fort  Lee, 

11           u 

Coddon's  Hai, 
Little  Nahant, 
Dorchester  Heights, 

It                       u 

42  31.9 

((      ((    u 

42  30.9 
42  26.2 
42  20  0 

70  52.1 

70  50  9 

70  55.5 

71  2  2 

10  14.5 
10  49  7 
U  49.8 
9  40.9 
9  314 
10  13.7 

75  36.9 

74  29  5 
74  12  7 
74  29.5 

3487 
3489 

3.555 
8587 
3344 

1 
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U.  S,  Coast  Svaney,  from  1844  to  1856,  A.  D.  Bachb,  Superintendent, 


No. 


5 
6 

7 

8 

9 

10 

11 

12 
13 
14 

15 
16 
17 
18 

19 

20 

21 
22 

23 

11 

24 
25 
26 


Dale. 


1855.7 

1854.7 
1854.8 
1853.6 


1851.6 
1851.8 

1849.8 

1855.7 

1851.6 

1850.7 

1850.7 

1851.7 
1847.7 
1851.7 

1849.6 
1850.7 
1848.8 
1847.6 

1850.7 

1849.7 

1849.7 
1849.7 

1849.6  ) 

1855.7  ) 
1849.7 
1849.1 
1846. 
1855. 


Locality,  Geology,  and  Bemarki. 


Near  the  geodetic  station  on  the  Dixmont  Hilbi,  Penobscot  €o., 

Me.    Talcose  slate  of  a  gray  color,  mnning  E.  N.  £.  and  W.  S. 

W.  with  a  dip  to  the  N.  N.  W.  from  S(P  to  90^. 
Waldo  Co.,  Me.    Gneiss,  impregnated  with  oxide  of  iron.    Near 

the  geodetic  station  on  the  summit 
On  Penobscot  Baj,  Waldo  Co.,  Me.    On  grounds  of  Mr.  Hu- 

gier. 
At  the  foot  of  Mt.  Sebattis,  town  of  Wales,  Me.,  in  the  meadow 

of  Colonel  H.  Marr.    On  the  top  of  the  hill  the  declination  was 

found  to  vary  from  9^  to  14*^  in  a  space  of  50  yards.    The  hill  is 

composed  of  granite  with  quartz  veins  and  detached  masses  of 

mica. 
Town  of  Denmark,  Me.    Granite. 
Town  of  Phippsburg,  Me.,  on  the  property  of  Mr.  R.  Morrison, 

50  yards  south  of  geodetic  station. 
Town  of  Falmouth,  Me.,  in  a  field  of  Mr.  Joseph  Hobbes,  dose  to 

the  old  road.    Drift,  clay,  and  gravel. 
At  the  flag-staff  on  Camp  eround,  city  of  Burlington,  Yt    Drift, 

clay,  and  sand  60  or  80  feet  deep,  overlying  limestone  and  sand- 
stone.   , 
In  the  grounds  of  J.  B.  Brown,  city  of  Portland.    Drift,  sand,  and 

gravel. 
In  a  field  near  the  dwelling-house  of  Dr.  Cnmmings.    Talcose  and 

mica  slate,  intersected  by  a  large  trap  dyke. 
Mouth  of  Saco  River,  extremity  of  south  point.    Metamorphic 

slate. 
150  yards  N.  N.  W.  of  Kennebunk  Port  Observatory.    Granite. 
On  the  summit  of  Mt  Agamenticus,  town  of  York,  Me.    Sienite. 
Town  of  York,  Me.,  in  the  field  of  J.  Wyer,  on  the  north  side  of 

Cape  Neddick  Eiver,  to  the  south  of,  and  near,  the  road  leading 

to  the  sea-shore.    Granite  underlying  the  soil. 
On  the  summit  of  the  hill,  in  the  town  of  North  Deerfield,  N.  H. 

Mica  slate. 
In  an  enclosure  to  the  east  of  B.  Gerrish's  cottages.    Argillaceous 

slate. 
The  highest  and  roost  easterly  summit  of  that  name  in  Goffstown, 

10  miles  west  of  Manchester.    Mica  slate. 
On  the  south  side  of  the  harbor  of  Hog  Island,  100  yards  from  the 

water.    The  Isles  of  Shoals  are  composed  of  mica  slate  and 

gneiss,  with  beds  of  granite  ore,  and  some  of  them  arc  traversed 


6.7) 
5.7  5 


by  dykes  of  trap, 
fear  Thompson's  hotel. 


Near  Thompson's  hotel,  on  Plum  Isknd,  near  Newburyport, 
Mass.    Drift,'  covered  with  sea-sand. 

Sienite.  The  sienite  of  the  coast  of  Massachusetts  is  frequently 
traversed  by  dykes  of  trap,  porphyrltic  trap,  &c. 

On  the  eastern  point  of  dloucester,  Mass.    Sienite. 

100  yards  from  the  Light,  in  the  direction  of  Half-way  Rock.  Sie- 
nite.     N 

Salem,  Mass.    Sienite. 

Centre  of  Old  Fort    Granite,  partly  covered  by  clay  and  sand. 

Marblehead,  Mass.    Sienite. 

On  the  hill.    Sienite. 

On  South  Boston  heights,  between  Reservoir  and  Asylum  for  Blind. 
Drift  at  least  90  feet  deep,  clay  and  sand  mixed  with  pebbles. 

__ 
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No. 

Name  of  Stetfam. 

lAtltade. 

Longitads. 

Declinar 
tlonWest 

Dip. 

HoriBOIltel 

InteDdtr. 

i 

27 
28 
29 

Naotaaket, 
Blae  Hill, 
Beacon  Pole  Hil], 

O        ( 

42  18.2 
42  12  7 
41  59.7 

O       1 

70  54.0 

71  6.5 
71  26.7 

9  37.4 
9  13.5 
9  27.0 

O      1 

74  15.9 

75  5.6 
74  21.9 

3.566 
3.519 

30 
31 

Manomet  Hill, 
Copecttt  Hill, 

41  55.6 

4<       (( 

41  43.3 

70  35.1 

U       II 

71  33 

9  16.9 
9    8.8 

74  30.0 
74    12 
74    9.5 

3.640     1 

32 

Spencer's  Hill, 

41  40.7 

71  29.3 

9    5.9 

75    7.1 

■ 

33 

i< 

34 
35 
36 

Shootflying  Hill, 

Hyannis, 
Fairbaven, 
Tarpanlin  Cove, 

41  41.1 

41  37.9 
41  37.4 
41  28.1 

70  20.5 

U      It 

70  18.1 
70  53.7 
70  45.1 

9  37.4 
9  40.3 
9  21.6 

8  54.2 

9  12.1 

74  23  8 
73  56.5 

73  49.2 

74  40.0 
73  49  8 

3.657 
3.663 
3.682     , 
3.592 
3.696     . 

37 
it 

38 

Indian  HUI, 
li        « 

Sampson's  Hill, 

41  25.7 

U      li 

41  22.7 

70  40.3 

II    II 

70  28.7 

8  43.9 
8  49.4 
8  48.7 

73  41.4 
73  29.1 
73  24.5 

3.734     , 
3.728 
3  753 

39 

Nantncket, 

41  17.5 

70    5.7 

9  14.0 

73  44.4 

3.653     1 

(C 

40 

McSparran's  Hill, 

ft      u 

41  29.7 

II    II 
71  27.1 

9  586 
8  48.5 

74    0  6 
73  47.6 

3.626 

41 
42 

Point  Judith  Light, 
Providence, 

41  21.6 
41  50.0 

71  28.6 
71  23  6 

8  59.7 

9  31.5 

73  45.1 

74  15.9 

3.788 
3.590     ! 

43 

Watch  Hill, 

41  18.8 

71  509 

7  33.4 

1 

44 

45 

Stonington, 
Groton  Point, 

41  20.0 
41  18.0 

71  54.0 

72  0.0 

7  38.1 
7  29.5 

73  25.0 

' 

46 
47 
48 
49 
If 

50 

Saybrook, 

Greenport, 

Sachem's  Head, 

Fort  Wooster, 
ft          « 

Oyster  Point, 

41  16.0 
41    60 
41  17.0 
41  16.9 

41  17.0 

72  20.0 
72  21.0 
72  43.0 

72  53.2 

li    It 

72  55  4 

6  49.9 

7  14.4 

6  15.2 

7  27.2 
7  25.5 
6  31.9 

74  33.8 

72  57.9 

74  16.6 
74  12.6 

73  32.9 

3.667 
3.609 

3.761  ; 

(t 

Ct                it 

41  16.9 

72  55.5 

7    2.7 

73  44.5 

3.690     ! 

1 

51 
52 
53 
54 
55 
56 
57 

New  Haven, 

Milford, 

Bridgeport, 

Black  Rock, 

Norwalk, 

Stamford, 

Sawpits, 

41  18.0 
41  16.0 
41  100 
41    86 
41    71 
41    3  5 
40  59.5 

72  54.3 

73  1.0 
73  11.0 
73  12.6 
73  24.2 
73  32  0 
73  39.4 

6  37  9 
6  38  3 
6  19.3 
6  53  5 
6  49.4 
6  36  0 
5  58.0 

73  31.9 

73  21.3 

73    9.8 
73    2.3 
72  53.4 

3.768     1 

1 
3.885     ; 

58 

Drowned  Meadow, 

40  56.1 

73    3.5 

6    3.6 

i 

59 
60 
61 

Lloyd's  Harbor, 
Oyster  Bay, 
New  Rochelle, 

40  556 
40  52.3 
40  52.5 

73  24.8 
73  31.3 
73  47.0 

6116 
6  50  5 
5  29  5 

72  50  6 
72  58.8 
72  44.0 

3.857 
3.894 
3.845 
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No. 


27 
28 
29 

80 
tt 

31 

32 

33 
u 

84 
35 
36 

37 
u 

38 
39 


40 

41 
42 

43 

44 

45 

46 
47 
48 
49 
u 

50 


51 
52 
53 
54 
55 
56 
57 

58 

59 
60 
61 


1847.7 
1845.8 
1844.9 

1845.7 
1846.7 
1844.8 

1844.6 

1845.6 
1846.7 
1846  6 
1845.8 
1846.6 

1845.6 
1846.6 
1846.6 

1846.6 

1855.6 
1844.6 

1847.7 
1855.6 

1847.7 

1845.6 
1845.6 

1845.6 
1845.6 
1845.7 
1847.7 
1848.7 
1848.7 

1855.6 

1848.6 
1845.7 
1845.7 
1845.7 
1844.7 
1844.7 
1844.7 

1845.7 

1844.7 
1844.7 

1844.7 


Loeality,  CJMlogy,  and  Eemarks. 


Drift  and  alluvimn,  resting  on  ai^laceons  slate. 

Dedham,  Mass.    Sienite. 

Near  Cumberland  Hill  village,  B.  I.    Granite.    Iron  ore  occurs  in 

the  neighborhood. 
Near  Plymouth,  Mass.    Drift. 

In  the  town  of  Fall  River,  Mass.    Granite.    Iron  ore  occurs  in 

the  neighboriiood. 
Near  East  Greenwich,  R.  I.    Metamorphic  slate  of  carboniferous 

age. 
Near  Barnstable,  Mass.    Drift. 

On  a  hill  near  Hyannis  Point,  about  60  feet  high.   Drift. 
Opposite  New  Bedford,  Mass.,  22  yards  east  of  fort    Gneiss. 
Nashua,  Mass.,  N.  E.  of  the  light,  near  south  shore  of  the  cove. 

Drift. 
Martha's  Vineyard.    Tertiary  strata. 

On  Chappaquiddick  Island,  opposite  Edgarton,  Martha's  Vineyard. 
Drift 

On  the  north  beach,  near  the  edge  of  the  town,  due  N.  of  Mitch- 
ell's Observatory.    Drift. 

Argillaceous  sand,  overl^^ing  a  stratum  of  clay,  resting  on  gneiss. 

South  Kingston,  R.  I.,  in  a  field  near  the  angle  of  the  roads  to 
Kingston  and  Wickford. 

100  yimls  towards  Beavertail  Light. 

In  the  rear  of  Brown  University,  198  feet  from  the  central  build- 
ing.   Quartz  and  gneiss  rocks,  and  mica  schist 

Half  a  mile  north  of  Watch  Hill  Lights,  near  Stonington,  Conn. 
Granitic  gneiss. 

Connecticut    Reddish  granitic  gneiss. 

Near  New  London,  Conn.     Whitish  felspathic  gneiss,  with  mica 


Connecticut    Granitic  gneiss. 
In  Southold,  Long  Island.    Drift. 
Connecticut.    Reddish  granitic  gneiss. 
Near  New  Haven,  Conn.    Trap. 

Near  New  Haven  in  the  meridian  of  Yale  College  Observatory. 

Trap. 
On  Howard  Avenue,  503  feet  from  high-water  mark  on  foot  of  the 

avenue.    Areillaceous  soil. 
Near  Pavilion  Hotel.    Sandstone  underlying  drift. 
Greenstone  and  chloritic  slate. 
Conn.    Gneiss  and  mica  slate. 
Conn.    Gneiss  and  mica  slate. 
Conn.    On  Judge  Isaac's  Hill.    Granite. 
Conn.    In  the  rear  of  the  Union  Hotel.    Granite. 
Steamboat-landing   at   Port  Chester,  Westchester  Co.,  N.  Y. 

Gneiss. 
Near  Drowned  Meadow  village,  north  shore  of  Long  Island, 

and  alluvium. 
Huntingdon,  Long  Island.    Drift,  with  boulders. 
North  shore  of  Long  Island.    Drift 
About  100  yards  south  of  the  Neptune  House,  in  New  Rochelle, 

Westchester  Co.,  N.  Y.    Gneiss  and  homblondic  rocks 


Drift 
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Ko. 

NamaofStatioii. 

Ulltade. 

LongltDde. 

Deelliiar 
tkmWest. 

i  iHp. 

HorteBtftl 
JntmaAty. 

62 

Sands'  Point, 

O       1 

40  52.0 

O       1 

73  43.0 

O       1 

7  14  6 

O       / 

u 
63 

«            u 

Legget, 

ct      u 
40  48.9 

73  53.0 

6    9.9 
5  41.0 

72  52.7 

3.976 

64  iGreenbasb, 

42  37.5 

73  44.0 

7  54.7 

76  U.l 

3^87 

65   ColdSpriDg, 

41  25.0 

73  57.3 

5  34.0 

73  54.8 

3.790 

66  Bloomingdale  Asjlnm, 

67  Columbia  College, 

68  .Governor's  Island, 

1 

40  48.8 
40  42.7 

40  41.5 

73  57.4 

74  0.1 

{(    if 

74    0.8 

5  9.7 

6  13.1 
6  25.3 
6  39.6 

72  39.0 
72  37.8 

72  46.3 

4.009 
3.926 

69  iBedloe's  Island, 

1 

40  41.4 

74    2.3 

7    2.1 

72  59.2 

3.920 

1 
70  Receiving  Reservoir, 

40  46.7 

73  57.8 

6  28  0 

72  44.4 

3.938 

71  ;Newark, 

40  44.8 

74    7.0 

5  35.1 

72  52.2 

S.964 

72  Mount  Prospect, 

40  40.3 

73  57.7 

5  64.7 

72  27  6 

4.053 

73 

Cole, 

40  31.9 

74  13.8 

5  37.4 

72  34.2 

4.028 

74 

Sandy  Hook, 
II         It 

40  28.0 
40  27.6 

73  59  8 
73  59.9 

5  51.0 

6  11.2 

72  37.9 
72  52.0 

• 

4.077 
3.917    ' 

1 

75 

Mount  Rose, 

40  22.2 

74  42.9 

5  31.8 

72  42  5 

4.130 

76 

White  Hill, 

40    8.3 

74  43.6 

4  25.9 

72    6.2 

4.147    ' 

77 

Vanuxem, 

40    6.7 

74  52.7 

4  27.8 

72  22.3 

4J068    1 

78 

Girard  College, 

39  58.4 

75    9.9 

3  51.1 

72    l.O 

4.143 

cc 

II                  u 

"    **       75    9.8 

4  31.7 

72  17.7 

4.226 

79 

Yard, 

39  58.3 

75  22.9 

6  42.3 

73    1.4 

1 
3.876    1 

80 

Cbew, 

39  48.2 

75    9  7 

3  45.2 

72  14.4 

4.105 

81 

Tucker's  Island, 

39  30.8 

74  16.9 

4  27.8 

• 

82 
83 

Tnckerton, 
Wilmington, 

39  36.1 
39  44.9 

74  19  5 

75  33.6 

2  30.7 

72  12.3 
71  25.4 

4.063    ' 
4.236    , 

84 

Sawyer, 

39  42.6 

75  33.8 

2  48.3 

71  57.5 

4.175 

85 

Church  Landing, 

39  40.6 

75  30.4 

5  49.1 

71  22.0 

4.311 

86 

Fort  Delaware, 

39  35.3 

75  33.8 

3  16.8 

71  34.9 

4.226    ; 
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No. 


62 

u  . 

63 

64 

65 

I     66 
I     67 

I     68 

I- 

70 
71 
72 
73 

74 

li 

75 


Date. 


Locality,  Gtokogjf  and  Remarki. 


J 


1845.7 

1847.8 
1847.8 

1855.7 

1855.7 

1846.3 
1844.7 
1845.7 
1855.6 

1855.6 

1855.6 

1846.4 

1846.3 

1846.4 

1844.6 
1855.6 

1852.6 


76 

1846.4 

77 

1846.5 

78 

1846.4 

i( 

1855.7 

79 

1854.8 

80 

1846.5 

81 

1846.9 

82 

83 

1846.9 
1846.4 

84 

1846.4 

85 

1846.4 

86 

1846.5 

40  yards  E.  N.  E.  from  Sands'  Point  Light.  Drift  covered  with 
allnTium. 

Near  the  Light- Honse. 

In  a  cove  nortii  of  Rikers*  Island,  Long  Island  Sound.  Gneiss 
covered  with  allnviam. 

Opposite  Albany,  N.  Y.,  near  Second  Street,  east  of  the  Hudson 
River  Railroad  track.     Clayey  sand  and  dark-bine  marl. 

Near  the  Hudson  River,  opposite  West  Point,  on  a  bluff  close  to 
the  village.    Granite. 

Manhattan  Island.    Gneiss  rock,  underlving  the  soil. 

City  of  New  York.    Gneiss  rock  underlying  drift,  loam,  and  gravel. 

City  of  New  York. 

New  York  harbor,  between  Port  Columbus  and  Castle  William, 
in  range  with  Trinity  Church  steeple  and  Battery  flagstaff. 
Quartzose  sand,  overlying  mica  schist  and  granite. 

New  York  harbor,  north  side  of  Island,  to  the  northward  of  the 
flagstaff.    Quartzose  sand,  overlying  metamorphic  rock. 

City  of  New  York,  inside  the  Receiving  Reservoir,  near  comer  of 
79th  Street  and  7th  Avenue.    Gneiss. 

New  Jersey.  Alluvial  soil,  sand,  and  gravel,  superimposed  on  sec- 
ondary red  sandstone  in  place. 

Near  Brooklyn,  Long  Island.  Drift,  with  small  boulders  of  gran- 
ite and  trap. 

In  Westfield,  southwestern  part  of  Staten  Island.  Drift,  with 
small  boulders. 

250  yards  north  of  Light.    Green-sand  formation ;  alluvial  sand. 

About  250  feet  west  of  the  Light- House  on  the  top  of  a  dune.  The 
Hook  consists  of  downs,  and  the  quartz  sand  was  found  25  feet 


About  5  miles  west  of  Princeton,  N.  J.,  in  a  field  near  the  house 
of  Thomas  Hunt.  Trap  rock  protruding  through  secondary 
red  sandstone. 

Near  Bordentown,  N.  J.,  on  the  bank  of  the  Delaware  River.  Cre- 
taceous marl. 

At  Professor  Vanuxem's,  two  miles  above  Bristol,  on  the  Dela- 
ware River,  100  yards  N.  W.  of  the  canal.  Sand,  clay,  and 
gravel  superimposed  on  metamorphic  rock. 

In  the  yard  of  the  Magnetic  Observatory  at  Girard  College,  Phil- 
adelphia. 

To  the  northward  and  eastward  of  the  College,  within  the  enclos- 
ure, and  in  the  road  in  the  rear  of  the  smaller  building  next  to 
the  College.    Metamorphic  rock,  below  gravel,  etc. 

About  10  miles  west  of  Philadelphia  250  yards  E.  S.  E.  of  the  tri- 
gonometrical station. 

Near  Woodbury,  N.  J.  Marl  and  green-sand  of  cretaceous  for- 
mation. 

Entrance  to  Little  Egg  Harbor,  N.  J.,  N.  W.  point  of  island. 
Alluvium  and  white  sand. 

Delaware.  A  hill  IJ  miles  W.N.  W.  of  the  Town-Hall.  Trap, 
covered  with  red  clay.    Local  attraction. 

3  miles  south  of  Wilmington,  Del.  At  the  edge  of  the  tertiary 
formation  no  rocks  or  boulders  apparent. 

New  Jersey,  on  Delaware  River.  Drift  Local  attraction  ascer- 
tained to  exist  by  partial  observations  at  these  localities. 

Pea-patch  Island,  Delaware  River.  Alluvial  mud  at  least  70  feet 
deep. 
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I  No.  Naai«  of  Stetkm. 

i— i 

'     87    HawkiDS, 

'     88   Pine  Mount, 

I 

I     89  Bombay  Hook  Light, 


Latiiade.  Longitude. 

I 


I 


iPort  Norris, 

I  Egg  Island  Light, 


39  25.6 

39  25.0 

39  21.8 

39  14.6  ! 
I  39  10.5  ) 


O       ( 

75  17.0 


DecHna^  I 

tlon  West. 


Dip 


o    I 

2  588 

3  14.2 


1     o     ' 
I  71  42.6 


Horizontal 
Inteoiitf .  J 


75  19.9 

75  30.3  I  3  18.5  I 


I 


75  l.O 
75  8.0 


92 
93 

Town  Bank, 
Cape  May  Light  (old), 
'     (new). 

38  58.6 

38  55.8 
tt   tt 

74  57.4 
74  57.6 
74  57.4 

2  59.0 

3  5.1 
3  45.4 

71  23.6 
71  25.8 
71  34.4 

4.269 
4.255 

4.182 

94  Lewes's  Landing, 

95  Pilot  Town, 

96  Osborne^s  Bnin, 

97  Susquehanna  Light, 

38  48.8 

38  47.1 

39  27.9 
39  32.4 

75  11.5 

75  9.2 

76  16.6 
76    4.8 

2  45.0 
2  42.7 
2  32.4 
2  13.7 

71  18.5 
71  47.6 
71  52.1 

4.290 
4.143 
4.086 

98 

Finlay, 

39  24.4 

C<        it 

76  31.2 
tt    tt 

2  14.6 
2  18.5 

71  52.9 
71  45.2 

4.059 
4.170 

99 

Pool's  Island, 

39  17.1 

76  15.5 

2  29.3 

71  52.1 

4.117 

100 

Rosanne, 

39  17.5 

76  42.8 

2  10.9 

72    6.6 

4.053 

101 

Fort  McHenry, 

39  15.7 

76  34.5 

2  18.6 

102 
tt 

103 
104 

North  Point, 
tt        tt 

Bodkin  Light, 
Kent  Island,  (I) 

39  11.7 
tt   tt 

39    8.0 
39    1.8 

76  26.3 

(f    tt 

76  25.2 
76  18.8 

136.7 
139.6 
2    1.9 
2  30.2 

71  29.5 

71  43.1 
71  16.6 

4.183 

4.189 
4.208 

105 

South  Base,  Kent  Island, 

38  53.8 

76  21.7 

2  24.3 

71  37.0 

4.206 

106 

it 

107 
It 

108 

Taylor, 

u 

Marriott, 
Webb's  Hill, 

38  59.8 

t(    tt 

38  52.4 
tt  tt 

39  5.3 

76  27.6 
(«    tt 

76  36.2 
tt    tt 

76  40.2 

2  14.4 
2  18.0 
2    9^ 
2    5.0 
2    7.9 

71  40.2 
71  19  3 
71  10.9 
71  13.0 
71  24.0 

4.231 
4.221 
4.260 
4.228 
4.279 

109 

Soper's  Hill, 

39    5.1 

76  56.7 

2    7.1 

71  56.5 

4.14S 

110 

HiU's  Hill, 

38  53.9 

76  52.5 

2  18.6 

71  12.2 

4^16 

111 

Cansten's  Hill, 

38  55.5 

77    4.1 

1  11.3 

71  18.9 

4.229 

<( 

C(                       tt 

tt    tt 

tt    tt 

1    6.2 

71  30.2 

4.250 

tt 
112 

tt            tt 
Washington  City, 

tt    tt 
38  53.2 

i<    tt 
77    1.2 

1    6.0 
544.2 

71  27.0 

4.337 

3  4.4 
3  3.0 


71  41.4 

71  39.5 

^  71  39.6 
71  45.1 


4.224 

f  4.237 

I 

I  4.201 


,  4.211 
\     4J206  I 
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No. 

Date. 

87 

1846.5 

88 

1846.5 

89 

1846.5 

90 
91 

1846.5 
1846.5 

92 
93 
tc 

1846.5 
1846.5 
1855.6 

94 
95 
96 
97 

1846.5 
1846.5 
1845.5 
1847.5 

98 
u 

1845.5  } 
1846.3] 

99 

1847.5 

100 

1845.4 

101 

1847.3 

102 

« 

103 
104 

1846.5  ) 
1847.3  J 
1847.3 
1849.5 

105 

1845.4 

106 
107 

IC 

108 

1845.4  ) 
1847.4  J 

1846.4  ) 

1849.5  ( 
1850.9 

109 

1850.6 

110 

1850.7 

111 

1851.5 

« 

1855.7 

112 

1855.8 
1855.6 

Loealify,  Geology,  and  Bemaiks. 


Near  Hoadstown,  N.  J.  Cretaceons  formatioiL  Some  ferruginouB 
sandstone  in  vicinity. 

An  isolated  hill  near  Greenwich,  N.  J.  Cretaceous ;  unmagnetic 
iron  ore. 

About  60  miles  E.  S.  E.  of  the  Light-House.  Alluvial  clay  and 
sand. 

New  Jersey.    Cretaceous  marl  and  sand. 

Delaware  Bay,  60  yards  S.  by  W.  of  Iiight-House.  Cretaceous 
marl  and  sand. 

At  Price's,  near  Cape  May.    Cretaceous  marl  and  sand. 

70  yards  8.  E.  of  Light-House.     Cretaceons  marl  and  sand. 

About  160  yards  W.  of  the  Liffht-House,  near  the  sand  dunes 
Quartz,  sand,  and  broken  shelb. 

Near  Cape  Henlopen. 

On  Cape  Henlopen.    Clay  and  sand. 

Near  Abingdon,  Md.    Talcose  slate  and  hornblende. 

A  short  distance  to  the  N.  W.  of  Light-House,  at  the  mouth  of 
Susquehanna  River.    Ferruginous  day  and  sand. 

On  Cub  Hill,  the  property  of  J.  B.  Finlay,  9  miles  north  of  Balti 
more,  on  the  Harford  Turnpike.  Metamorphic  rocks  underlying 
gravel  and  sand. 

Chesapeake  Bay,  near  the  dwelling  of  P.  Wethered,  on  the  upper 
island.    Alluvial  clay  and  sand. 

On  Prospect  Hill,  5  miles  from  Baltimore,  north  of  the  old  Fred- 
erick road.    Alluvial  clay  and  sand. 

Baltimore  harbor;  between  the  Hospital  and  western  stable. 
Ferruginous  sand  and  clay. 

Between  the  two  Lights  at  the  mouth  of  the  Patapsco  River.  Fer- 
ruginous sand  and  clay. 

20  yards  S.  S-  E.  from  Light-House.    Ferruginous  sand  and  clay, 

North  end  of  Kent  Island,  Chesapeake  Bay.  Ferruginous  sand 
and  clay. 

On  the  west  shore  of  Kent  Island,  opposite  Thomas's  Point,  21 
yards  north  of  monument.    Ferruginous  sand  and  clay. 

On  the  north  side  of  Severn  River,  opposite  Annapolis,  Md.  Fer- 
ruginous sand  and  clav. 

A  prominent  hill  near  West  River,  Md.,  the  property  of  Bushrod 
Marriott    Green-sand  formation,  ferruginous  clay  and  marl. 

Anne  Arundel  Co.,  Md.,  near  the  Annapolis  Railroad,  12  miles 
from  Annapolis.  Green-sand  formation,  ferruginous  clay  and 
marl. 

Prince  George's  Co.,  Md.,  14  miles  from  Washington  City,  on  the 
old  Columbia  road,  propert^r  of  J.  B.  Downs.    Talcose  slate. 

Prince  Georee's  Co.,  Md.,  6  miles  east  of  Washington  City.  Fer- 
ruginous day  and  sand. 

Near  Georgetown,  D.  C,  122  yards  west  of  the  geodetic  station,  in 
the  grounds  of  J.  H.  Causten.  Mica^slate,  with  quartz  veins, 
underlying  ferruginous  clay  and  gravd. 

At  the  geodetic  station,  1°  10'.3,  in  September,  and  1°  2'.0  in  Oc- 
tober, b^  two  different  instruments. 

Same  station  as  in  June,  1851. 

Near  Magnetic  Observatory,  in  the  Smithsonian  grounds.  Affect- 
ed by  local  attraction  changing  within  the  enclosure  as  much  as 
Ijo  Declination;  on  Capitol  Hill,  near  Gilliss'  station,  by  com-, 
pass  needle,  29  25'.  Ferruginous  day  and  sand  overlying  mica: 
schist  *  I 
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No. 

Name  of  Statloii. 

lAtitode. 
38  20.4 

Longltade. 

Declina- 
tion Wwt. 

Dip. 

o      t 
70  57.7 

Hofimtd 
InteoOtj. 

113   DaTiB, 

O       f 

75    6.0 

O        1 

2  33.0 

4.332 

114  Roslyn, 

115  StevenBon'8  Point, 

37  14.4 
36    6.3 

77  23.6 
76  10.7 

0  26  5     69  17.3 

1  39.6  ^  68  54.5 

4.614 
4.660 

116   SheUbaok, 

36    3.3 

75  43.8 

1  44.8     68  37.8 

4.714 

117  Bodie's  Island, 

118  Raleigh, 

35  47.5 
35  46.8 

75  31.6 
78  37.8 

1  134 

D.  But. 

0  44J5 

68  18.1 
68  11.6 

4.755 
4.943 

119  JDeBosset, 

34  14.0 

77  56.5 

1  13UJ  1  66  47.2 

5.174 

120  Columbia, 

34  ao 

81    2.0 

3    1.7 

66    7.7 

5.274    1 

121  Alkton, 

122  Macon, 

123  ^Breach  Inlet, 

33  21.7 
32  504 
32  46.3 

79  12  3 
83  37  6 
79  48.7 

2    6.5 
4  364 
2  16J> 

65  29.5 

63  51.0 

64  31.9 

5.402 
5.637 
5.457 

124  East  Base,  Edisto  Island, 

32  33.3 

80  10  0 

2  53.6 

64    4.1 

5.532 

125   Savannah, 

32    5.0 

81    5.2 

3  40.3 

63  40.0 

5.600    ' 

126   Tybee  Island, 

32    1.5 

80  50.6 

3  32.1 

63  384 

5.584 

127   Cape  Florida, 

25  40.4 

80    9.8 

4  25.2 

56  13.0 

6.615 

128   Sand  Key, 

24  27.2 

81  52.7 

5  28.8 

54  25.8 

6.758 

129  Depot  Eej, 

29    7.5 

83    2.8 

5  20.5 

59  55.3 

6.140 

130  |st.  BCark's  light, 

131  Dog  Island, 

132  St.  Geoige's  Island, 

30    4.5 
29  47.1 
29  37.4 

84  12.5 

84  36.0 

85  1.1 

5  29.2 

5  51.2 

6  2.1 

133 
134 
135 

Cape  St.  Bias, 
Hurricane  Island, 
Fort  Morgan, 

29  39.6 

30  44 
30  13.9 

85  23.9 
85  40.3 
88    0.3 

6    6.5 

6  12.2 

7  4.1 

6.218 

136 

East  Fascagottia, 

u              u 

30  20.7 

88  31.8 
«    it 

7  12.6 
7    8.9 

60  27.2 

6J20    1 
6.174 

137 
138 
139 
140 

Montgomery, 
Fort  Liyingston, 
Isle  Demi^re, 
Dollar  Point, 

32  22.0 
29  16.7 
29    2.0 
29  26.0 

86  18.0 

89  48.5 

90  54.3 
94  52.6 

5  18.3 

7  384 

8  19.2 
8  574 

63    54 
57  53.3 

5.850 
6.541 

141 

East  Base, 

29  18.9 

94  55.4 

9    5.0 

57  42.1 

6.491    \ 

142 

Jupiter, 

28  54.8 

95  20.1 

9    8.7 

57  11.7 

6.582 

143 
144 

Rio  Grande, 
San  Diego, 

25  57.4 
32  42.0 

97    7.6 
117  13.3 

9    0.9 
12  2&8 

52  23.6 

(I 

«       « 

(f       €t 

cc     ct 

12  31.7 

57.88.6 

6.271 
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No. 


Dftte. 


LoeftUtj,  Geologj,  and  Bemorki. 


113     1853.7 


I 


114 
115 

116 

117 

118 

!  119 

120 

121 
122 
123 

124 

125 

126 

127 

128 

129 

130 
131 
132 

133 
134 
135 

136 


137 
138 
139 
140 

141 

142 

143 
144 


1852.6 
1847.1 

1847.3 

1846.9 

1854.0 

1854.4 

1854.2 

1853.9 
1855.0 
1849.3 

1850.3 

18523 

1852.3 

1850.1 

1849.6 

1852.2 

1852.3 
1853.3 
1853.3 

1854.1 
1854.1 
1847.4 


1847.5 
1855. 


.5) 
.15 


Fer 


1855.3 
1853.0 
1853.1 
1848.3 

1853.2 

1853.4 

1853.9 
1851.3 

1853.8 


On  the  west  shore  of  Sinepazent  Bay,  east  of  Berlin,  Md 
mg^nous  clay,  and  sand. 

Near  Petersburg,  Va.    Drift,  ferruginoos  clay. 

Western  Point,  at  the  mouth  of  Little  River,  Albemarle  Sound, 
N.  C.    Tertiary  clay  and  sand.  | 

On  Albemarle  Sound,  east  point  of  entrance  into  Currituck  Sound.j 
Alluvial  mud,  sand,  and  shells.  { 

North  Carolina,  near  the  beach,  about  5  miles  N.  N.  W.  of  the, 
Light-House.    White  sand.  { 

North  Carolina.  Station  105  feet  east,  and  26  feet  north  of  centre 
of  Capitol  dome.    Granite  rock  underlying  the  soil.  I 

On  a  lot  adjoining  Dr.  Drane's  residence,  north  side  of  Market; 
Street,  Wilmfaigton,  N.  C.    Tertiary  clay,  gravel,  and  sand. 

South  Carolina.  In  the  Capitol  Square,  near  the  southwestern! 
corner. 

Near  Geoigetown,  S.  C.    Alluvium. 

Georgia. 

On  Sullivan's  Island,  Charleston  entrance,  South  Carolina.  White 
sand. 

Edlsto  Island,  S.  C.  Tertiary  formation,  alluvial  mud,  clay,  and 
sand. 

On  Hutchinson's  Island,  in  range  of  Exchange  and  Presbyterian 
Church  steeples,  near  the  second  embankment  from  the  river 
Alluvium. 

Near  the  mouth  of  Savannah  River  on  a  sand  dune,  near  the  boat- 
house. 

On  the  inside  beach  of  Key  Biscayne,  the  Light-House  bearing 
S.  W.    Black  mud  and  white  sand. 

Near  Key  West,  Florida.  A  small  island  on  Florida  Reef,  com- 
posed of  detritus  of  marine  shells  and  coral. 

Cedar  Keys,  Fla.,  on  the  highest  point  of  the  island.  Drifted 
white  sand  on  alluvial  mud. 

In  the  salt  marsh,  about  400  yards  north  of  the  Light. 

Apalachicola  entrance  (eastern).    White  sea-sand. 

Near  Cape  St.  George,  west  entrance  to  Apalachicola  Bay,  Fla. 
White  sea-sand. 

Florida.    White  sea-sand. 

St.  Andrew's  Bay,  Fla.    White  sea-sand. 

400  yards  N.  E.  of  the  N.  W.  bastion  of  Ft.  Morgan,  Mobile  Pt, 
Ala.    Drifted  white  sand. 

Mississippi.    About  1  mile  east  of  the  mouth  of  Pascagoula  Riv- 
er, in  the  village  near  the  shore.    Tertiaiy  formation,  femigi- 
I      nous  clay  and  white  sand.    Dip  obsen'ed  in  1848. 
I  Near  N.  E.  comer  of  Capitol  Square.    Deep  red  clay. 

Barataria  Bay,  La.    Alluvium  covered  with  drifted  white  sand. 

Caillou  Bay,  La.    Alluvium  covered  with  drifted  white  sand. 

On  Galveston  Bay,  10  miles  N.  W.  of  Galveston,  Texas.  Sandyl 
loam.  i 

On  Galveston  Island,  10  miles  S.  W.  of  Galveston,  and  half  a, 
mile  from  the  Gulf  shore.    Sandy  loam.  ! 

Four  miles  S.  W.  of  Quintana,  Texas,  near  the  beach.  Drifted' 
sand.  I 

Near  the  mouth,  on  the  American  side.    Alluvium. 

California,  at  the  Plaza,  near  the  *'  quarters.**  Very  coarse  sand- 
stone.   The  high  ridge  of  Point  Loma  is  to  the  west.  I 

At  the  Plaza,  near  the  Custom-Honse.  | 

I 

18 
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No. 


Name  of  Statkm. 


145  San  Fedro, 

146  jFoint  Conception, 

147  San  LaU  Obispo, 


148 
149 


Point  Finos, 


San  Francisco, 

150  iBackrtport, 

151  Humboldt, 


152  Ewing  Harbor, 


153 

154 
155 


156 


'l*tltodiLl^gltade-J^^'   Dip.   1^*2^ 


o   I      O   I 

33  46.0  118  16.0 

I 
j  34  26.9  120  25.6 


13  30.5  59  32.6  !  6.144 


13  50.2 


I 


35  10.6  120  43.5  !  14  169   59  42.2   6.002 


36  38.0 

37  47.6 


121  54>4 

122  26.8 


40  46.6!  124  10.7 


Cape  Disappointment, 

CI  M 

Scarborough  Harbor, 
Waddah  Island,  Ne<^-ah  Bay, 


40  44.7 
42  44.4 
46  16.6 


124  11.0 
124  28.8 
124    2.0 


M  I       U        U 

48  21.8' 124  37.2 
48  22.01124  36.6 


14  58.3 

15  26.9 
17  6.5 
17    4.5 


I 


18  29.7  i 


20  19.1 

20  45.3  I 

21  29.9  I 


21  46.9  '  71     7.0 


4.276 


No. 


Date. 


145     1853.9 


146 
147 

148 

149 
150 
151 

152 

153 

154 
155 


1850.7 
1854.1 

1851.1 

1852.2 
1853.6 
1854.3 

1851.9 

1851.5 

1851.5 
1852.6 


156  I  1855.6 


Locality,  Oeology,  and  Remarks. 


On  the  open  plain,  about  3  miles  north  of  San  Fedro.  GraTel 
resting  on  beds  of  recent  fossil  shells. 

Near  the  mouth  of  the  vallejof  EI  Coxo.  A  rich  soil ;  surrouod- 
ing  hills  show  limestone,  quartz,  &c.  ' 

The  surrounding  hills  are  or  soft  limestone,  resting  on  coarse,  red 
sandstone,  bearing  enormous  fossil  remains,  probably  of  ter- 
tiaiT  age. 

Near  Monterej,  Cal.  A  rich  soil,  resting  on  sandstone.  Beach 
formed  of  large  granite  boulders. 

Near  the  Fresidio.    Surrounding  hills  limestone. 

Ou  the  beach ;  sand  and  marsh. 

At  the  foot  of  the  western  part  of  the  Bluff,  composed  of  ferrugi- 
nous clay  and  sand,  resting  on  grarel,  bearing  fossil  remains  of 
ElephoB  primigenius. 

Near  Cape  Orford,  Oregon.  Geology  very  varied.  South  of  Port] 
Orford,  coal  and  plumbago.  North,  Umestone  filled  with  fossil^ 
shells.  ] 

On  the  beach  ;  white  sand,  mixed  with  black  fermginonB  and  au- 
riferous sand.    Surrounding  hills  basalt.  | 

On  the  summit  of  the  Cape.    Horizontal  columnar  basalt  ! 

Near  Cape  Flattery,  Washington  Territory.  Sand,  surrounding 
hills  varied,  limestone  principally ;  basalt  cropping  out  at  Too- 
tnsh  Island. 

Near  Cape  Flattery,  Washington  Territory.  Sandstone  and 
shales  of  coal  measures. 
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TABLE  n. 


Magnetic  Obaervatioru  made  on  the  Padjk  Railroad  Exploration^  near  the  Parallel  of 
35°.  By  Lieutenant  J.  C.  Ives,  under  the  Directum  of  Captain  A.  W.  Whip- 
ple, U,  S.  Top.  Engintere. 


:No. 


Dftto. 


1  Ang. 
I'Maj 

2  Oct 

3  Not. 


BOfPlMe. 


9, 1850,  Cambridge  Obseryatory,    42  23 
10, 1854,  Cambridge  Observatory,   [42  23 
17, 1853,  Albaquerquc, 
9,    "     Islets, 

Rio  San  Jos^, 

Covfero, 

Hay  Camp,* 

Aqaa  Fria, 

Prescription  IU)ck,t 

Zani  River, 

Arch  Spring, 

Cedar  Forrest, 

Jacob's  Well, 


4 

M 

12, 

tt 

5 

CC 

14, 

CC 

6 

It 

15, 

tt 

7 

U 

17, 

tt 

8 

U 

18, 

tt 

9 

it 

22, 

tt 

10 

<c 

26, 

CC 

11 

€4 

28, 

tl 

12 

tt 

29, 

tt 

13 

CC 

30, 

tt 

14 

Dec 

1, 

tt 

15 

« 

2, 

tt 

16 

CC 

s, 

tt 

17 

tt 

5| 

CC 

18 

CC 

7, 

it 

19 

It 

8, 

tt 

20 

tt 

15, 

It 

21 

tt 

16, 

a 

22 

tt 

17, 

tt 

23 

tt 

18, 

tt 

24 

CC 

29, 

tt 

25 

Jan. 

9, 

1854, 

26 

(( 

21, 

CI 

35  6106  3815026 
134  54  106  40|4910J 
35  1107  14{5556 
35  51107  26|5880 
''*5  5;i07  39  6081 
2|107  5817757 


Dip. 


Navajo  Spring, 
Carriso  Creel^ 


'35 
35 
35 
35 
35 
35 
35 
35 
35 


^1 

3|10714  7238 

6108  39  6336 

51108  48  6350 

lil08  55  6162 

4  10914.5973 

6'l09  205665 


Feb. 


27 
28 
29 
SO 
31 
32 
33 
34 
35 
36 
37 
38'  «« 

39  I  " 

40  " 

41  I  " 

42  Mar. 
43,  " 

44  I  " 

45  I  « 


;46l 


23, 

28, 

30, 

1, 

4, 

8. 

9, 

13, 

15, 

16, 

20, 

21, 

22, 

23, 

25, 

1, 

S, 

6, 

7, 

8, 


Near  Lithodendron  Creek, 
Near  Rio  Paerco  of  West, '34  58 
Color.  Chiq.,  or  Flax  Riv.,  34  53 
On  Colorado  Chiqnito,  35  0 
35  1 
35  5 
35  12 
35  18 
35  21 
35  17 
35  21 
34  56 
34  59 


Saronx  Spring, 
Cedar  Creek, 
Pneblo  Creek, 
Williams  River^ 


White  Cliff  Creek, 
Big  Horse  Springs, 

Williams  River, 


109  32,5550 
109  41,5500 
109  52  5110 


110  4 
110  25 
110  30 
110  33 


110  37  4618 


110  53 


5015 
4735 
4760 
4675 


4594 


35  7 
Head  ofWhite  Cliff  Creek,  35  12 
"  135   8 

35  1 
134  36 
34  32 


110  5614570 
111397378 
112  29|5672 
112  46  5203 

112  57.5752 
11313  4680 

113  21i4784 
113Sl|3526 
113  36|2784 
113  28|1657 
113  281500 

34  171113  2611015 


On  Colorado  River, 


Pai-nte  Creek, 
Near  Marl  Springs, 
Sand  Camp, 
Soda  Lake, 


3413113  33 
34  141 1 13  39 
3417  113  56 
l34  231114  6 
|34  27|ll411 
,34  36114  16 
34  46114  23 


34  52 

35  6 
{35  11 
|35    6 

|35    3 


114  32 


899 
868 
441 
382 
416 
590 
432 
430 


114  54'2790 

115  333793 
115  46,2038 
115  59:1002 


9  30  74 
9  4674 
13  25'62 
1313  62 
13  46i63 
13  49;62 
35  56,35 
13  25'62 

12  57,62 

13  24  62 

13  1*61 
13  44  61 
13  23  61 
13  54  62 

13  33,61 

14  0.61 
13  42162 
13  40|61 
132161 

61 
13  39  61 
13  42  61 

62 
13  52161 
13  49  62 

13  59  61 

14  48  61 

13  40!61 

.61 

14  42  60 
141861 
14  02  60 
13  58,60 
13  24  60 
13  41  60 

60 
60 
60 
|60 
13  51,60 
13  36  60 
13  56160 
1417,61 


34{  1.798 
33  1.798 
28  1.689 
24  1.6 
18  1.689 
26j  1.689 

39  1.566 
51 1.687 
3  1.679 
2\  1.683 

55  1.6821 

40  1.679| 
59!  1.674i 
5811.675 


14    8 


1.673 

1.667 

1.668 

1.670 

1.665 

1.663 

1.662 

1.668 

55|  1.667 

3  1.678 

33  1.659 

6'  1.674 

13'  1.652 

6!  1.648 

17' 1.618 

14'  1.659 

48  1.648 

2|  1.631 

36, 1.622 

44' 1.627 

14  1.631 

8'  1.629 

10|  1.624 

11 !  1.623 

34' 1.626 

351 1.628 

30, 1.627 

48  1.629 

57  1.635 

10'  1.635 


I  56 1 1.627 


13  59,60 

60  49,1.632 
135l!61 


7I  1.633 


*  This  camp  was  npon  the  south  side  of  the  stream  of  lava  which  threads  the 
valley  of  the  Rio  San  Jos^. 
t  This  station  was  nnder  the  northern  blnff  of  £1  Moro. 
i  Much  lava  in  the  vicinity  of  this  station. 
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TABLE    m. 

Magnetic  Observations  from  various  Sources^  not  hereto/ore  pmbUshei,  and  coUeded  far 

this  Discussion. 


Name  of  Place. 

lAti. 
tade. 

Longi- 
tude. 

DecUnatkm. 

Date. 

Authority. 

1 

Heiner's  Ron,  N.  Br.  Sosq.,  Pa., 

o     / 
41  20 

O     1 

77  50 

3  19    W. 

1856 

S.  Tyndale. 

Kelly'8  Island,  west  end  L.  Erie, 

4136 

82  43 

2  13    E. 

1846 

^           "^ 

East  Sister  Island,  "     "      " 

4149 

82  51 

2  18     ** 

1847 

West  Sister    "       "     "     " 

4144 

83    6 

2  20     « 

u 

Maps    of    Lake 

Stony  Point,           "     "     •' 

41  56 

83  15 

2    7      « 

1848 

'  SunreysbyU.S. 
Top.Engineen. 

iWaugoshance  Pt.,  Mackinac  Str.,45  45 

84  56   2  13     «• 

1853 

iEastofDoncanCity,    "          "    145  36 

84    7    1  53     « 

1851 

Near  Newport,  Franklin  Co.,  Mo, 38  30 

9110   9  21.6  " 

1839 

Dr.  GoebcL 

1            U                  C(                  u                 u 

u     u 

«    « 1  9    5.4  " 

1849 

C(                 (( 

Fort  Union, 

48    0 

103  5916  48     " 

1853 

Gov.  LL  Stevens. 

Fort  Benton, 

47  52110  3619    0     " 

(I 

'  Northern  Pacific 

Fort  Owen, 

46  31jll3  5819  25      « 

u 

BailroadExi^ 

iFort  Wallawalla, 

46    4!ll8  4819  40     « 

Ci 

rations. 

Panama,  New  Grenada, 

8  57   79  29   6  54.6  '* 

1849 

Mex.  Bonn.  Sor. 
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TABLE  IV. 

Residual  Differences  hettoeen  the  Coast  Survey  Observations,  reduced  to  1850,  and  the 
Values  obtained  from  the  Accompanying  Maps, 

The  si^  +  or  —  shows  how  the  residual  is  to  he  applied  to  the  ohserved  valne 
to  give  that  on  the  map. 


No. 

Statkm. 

Declination. 

Dip. 

Horizontal  Inten- 
sity. 

1 

Mount  Harris. 

O      1 

+14    6 

-°    k 

O       1 

76    2 

0 

+ 

'   i 

3.28   1  — .04 

2, Ragged  Monntain, 

13  54 

— 

27 

75  32 

+ 

13 

3.37 

—  .06 

3  Camden  Village, 

13  36 

— 

8 

75  32 

+ 

12 

3.37 

—  .05 

4  Mount  Sebattis, 

12  35 

— 

6 

75  35 

+ 

8 

3.43 

—  .09 

5  Mount  Pleasant, 

14  24 

—2  48 

75  59 

20 

3.22 

+  .15 

6,Cape  Small, 

1157 

+ 

19 

74  58 

+ 

32 

3.40 

—  .01 

7|Monnt  Independence, 

1145 

3 

75  24 

+ 

3 

3.36 

+  .05 

S.Borlington, 
9;Bowdoin  Hill, 

9  29 

+ 

1 

75  44 

+ 

10 

3.46 

—  .11 

1132 

+ 

9 

75  11 

+ 

10 

3.46 

—  .03 

10  Richmond  Island, 

12  15 

40 

75    7 

+ 

8 

3.46 

-.01 

lllFIetcher'sNeck, 

11  14 

+ 

10 

75  17 

+ 

1 

3.44 

+  .02 

12|Kcnnebnnk  Port, 

11  15 

6 

75  11 

2 

3.46 

+  .02 

13,Mount  Agamenticus, 

10  21 

+ 

30 

74  57 

+ 

6 

3.45 

+  .05 

14,Cape  Neddick, 

11    0 

— 

1 

74  55 

+ 

8 

3.53 

—  .03 

IS.Patuccawa, 

10  45 

— 

27 

76  50 

—1  50 

3.02 

+  .51 

16  Kittery  Point, 

10  27 

+ 

15 

74  56 

+ 

4 

3.50 

+  .02 

ITJMoant  Unkonoonuc, 

9  10 

+ 

37 

75  10 

19 

3.47 

+  .09 

18,I»le  of  Shoals, 

10  15 

+ 

26 

74  46 

+ 

8 

3.47 

+  .07 

19  Plum  Island, 

10    2 

+ 

19 

74  63 

8 

3.53 

+  .04 

20  Annis  Squam, 

11  39 

—1  21 

21  Beacon  Hill, 

11  23 

— 1 

5 

74  27 

+ 

9 

3.62 

—  .02 

22  Baker's  Island  Light, 

12  18 

—2  18 

74  19 

+ 

14 

3.69 

—  .08 

23  Fort  Lee, 

10  16 

— 

16 

(«        u         u 

10  21 

— 

21 

75  26 

^- 

53 

3.53 

+  .08 

24Coddon'sHill, 

11  51 

—148 

25JLittle  Nahant, 

9  43 

+ 

8 

74  30 

— 

3 

3.55 

+  .09 

26 

Dorchester  Heights, 

9  48 

— 

9 

74  16 

+ 

5 

3.58 

+  .07 

t( 

IC                             «l 

9  45 

^- 

6 

74  18 

— 

3 

3.57 

+  .08 

27 

Nantasket 

9  49 

— 

4 

74  18 

+ 

2 

3.56 

+  .09 

28  Blue  Hill, 

9  35 

— 

5j 

75  10 

52 

3.50 

+  .17 

29,Beacon  Pole  Hill, 

9  53 

— 

50 

74  27 

— 

18 

30ManometHill, 

9  38 

+ 

10 

74  34 

74    4 

+ 

27 
3 

3.62      +  .09 

31  Copecut  Hill, 

9  35 

— 

29 

74  14 

— 

20 

32  Spencer's  Hill, 

9  32 

— 

41 

75  13 

-120 

33 

Shootflying  HiU, 

9  58 

— 

16 

74  28 

— 

34 

3.64 

+  .10 

(( 

«                     U 

9  57 

— 

15 

74    0 

— 

6 

3.65 

+  .09 

34 

Hvannis, 

9  39 

+ 

4 

73  51 

0 

3.67 

+  .07 

35  Fairhayen, 

9  15 

9 

74  44 

— 

55 

3.57 

+  .19 

36,Tarpanlin  Core, 

9  17 

— 

17 

73  53 

— 

10 

3.68 

+  .10 

37 Indian  HUl, 

9    6 

+ 

7 

73  46 

— 

5 

3.71 

+  .08 

ft      tt         tt 

9    6 

+ 

7 

73  32 

+ 

9 

3.71 

+  .08 

38  Sampson's  Hill, 

9    6 

+ 

15 

73  28 

+ 

11 

3.74 

+  .05 

39,Nantncket, 

9  31 

+ 

2 

73  49 

— 

12 

3.64 

+  .14 

U               «( 

9  31 

+ 

2 

73  49 

— 

12 

3.66 

+  .16 

40;MacSparran's  Hill, 

9  16 

25 

73  53 

— 

10 

41  tPoint  Judith  Light, 

911 

— 

41 

73  47 

— 

10 

3.78 

+  .02 

42  Providence, 

9    2 

— 

5 

74    5 

— 

2 

3.63 

+  .11 

43,Watch  HiU, 

7  45 

+ 

30 

44|S(onington, 

8    0 

+ 

9 

73  30 

+ 

8 

18" 
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No. 
45 

Station. 

I>eGli]iatioii. 

Wp. 

Horiiontil  iBtn- 

Groton  Point. 

O       1 

+7  51 

O       1 

+    10 

Oil       O     / 

46  Saybrook, 

7  12 

+    30 

74  40  i  —I    9 

47  Grecnport, 

7  37 

—      4 

73    2  1  +    22 

1  48  Sachem's  Head, 

6  37 

+    44 

■ 

1 

49  Fort  Wooster, 

7  39 

—    30 

74  19  !  —    49 

3.66   i  +  S\ 

it  1   «          (( 

7  32 

—    23 

74  14  '  —    44 

3.60     -h  .27 

SOOyster  Point, 

6  38 

-h    28 

73  34  ;  —      4 

3.76      -f  .11 

"  1     tt           tc 

6  35 

+    31 

73  33 

—      3 

3.73   1  +  .14 

51  New  Hayen, 

6  42 

-f    27 

73  33 

—      2 

3.78   ;  +  i» 

52Milford, 

7    0 

+      3 

1 

53  Bridgeport, 

54  Black  Rock, 

6  41 

7  15 

+    10 
—    33 

73  26  1  —      2 

1 

55NorwaIk, 

7  16 

—    43 

73  11     +      6 

1 

56  Stamford, 

7    2 

—    41 

73    8     +    11 

3.86      +  .06 

57  Saw-Pits, 

624 

—    12 

1  72  59  ;  +    15 

58  Drowned  Meadow, 

6  25 

+    23 

59  LIoyd*9  Harbor, 

6  38 

—    14 

72  56  1  -h    16 

3.84    I  +  .10 

60  Oyster  Bay, 

7  17 

—1    2 

73    4 

+      3 

3.87    1  +  .08 

61  New  RocheUe, 

5  56 

+       1 

72  49 

+    18 

3,82   '  +  .14  , 

62,Sand8'  Point, 

7  36 

—1  33 

_ 

M   1        «                   C( 

6  21 

—    18 

63Legget, 

5  52 

—      7 

72  55 

+    10 

3.97 

.00 

64  Greenbnsh, 

7  26 

—      2 

74  59 

—    26 

3.63 

+  .03 

65  Cold  Spring, 

5    5 

+1  10 

73  43 

—      5 

3.83   ;  +  .03 

66  Bloomingdale  Asylnm, 

5  28 

4-    20 

72  43 

+    25 

4.00   1  — .02 

67  Columbia  College,  N.  Y., 

6  40 

—1 11 

72  43 

+   u 

U                it                    u 

6  47 

—1    4 

68  Govemor*8  Island, 

611 

—    38 

72  35 

4-    20 

3.97 

+  .03 

69  Bedloe's  Island, 

6  34 

—  1    4 

72  48 

+      6 

3.96 

+  .05 

70  Receiving  Resenroir, 

6    0 

—    15 

72  33 

—    31 

3.98 

-.04 

71  Newark, 

5  53 

—    20 

72  56 

—      4 

3.95 

+  .03 

72  Mount  Prospect, 

6  13 

—    31 

72  31 

+    29 

4-04 

—  .06  1 

73  Cole, 

5  55 

—    34 

72  38 

+      9 

4.02 

+  .01  ' 

74,Sandy  Hook, 

6  13 

—    43 

72  43 

+      2 

4.05 

+  .01  , 

H            It                    U 

5  43 

+    13 

72  41 

-h      4 

3.96    1  +  .08  ! 

75  Mount  Rose, 

5  19 

—    31 

72  37 

—      0 

4.15    —  .09 ; 

76  White  Hill, 

4  44 

—      5 

72    7 

+    17 

4.14      —  .04 

77  Vanuxem, 

4  45 

—    15 

72  26 

+      2 

4.06      +  .05 

78,Girard  College, 

4    9 

—      0 

72    5 

+    H 

4.13    1  +  .01 

((              U                      It 

4    3 

+      6 

72    6 

+    10 

4.27      —  .13  ; 

79Yard, 

6  18 

—2  21 

72  52 

—    36 

3.91      +  .23 

80,  Chew, 

4    3 

72  18 

—    11 

4.09    .  +  07  ! 

81  Tncker*8  Island, 

4  43 

—      4 

! 

82  Tuckerton, 

72  26 

—    26 

83  Wilmington, 

2  49 

+    50 

71  29 

+    35 

4.22      -  .04 

84  Sawyer, 

3    6 

-f    33 

72    1 

—      1 

4.16      +.03 

85  Church  Landing, 

6    7 

—2  25 

71  26 

+    31 

4.30    1  — .10 

86, Fort  Delaware, 

3  35 

—      2 

7188 

+     14 

4.22      —  .01  1 

87|  Hawkins, 

3  16 

-f    26 

71  46 

—      1 

4.21      +  .02 

88,  Pine  Mount, 

3  32  j  -f      7 

71  45 

-      1 

4.23      +  JOl 

89  Bombay  Hook  Light, 

3  36  1  —      6 

71  43 

-      3 

4.19      +  .06 

90,  Port  Norris, 

3  22  1  +    29 

7143 

—      6 

4.20    .  +  .05 

91  Kprg  Island  Light, 

3  20     +    22  ' 

7149 

-    17 

4.20    '  +  .06  1 

92  Town  Bank, 

3  16 

+    29 

71  27 

—      8 

4.26    !  +  .03  < 

93  Cape  May  Light  (old), 

3  23 

+    19 

71  29 

—      7 

4.24    >  +  .06  ! 

it      u       tt         tt      (new). 

3  17 

+    25 

71  23 

—      1 

4.22     +  .08  1 

94  Lewes's  Landing, 

3    1 

+    23 

1 
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Ho. 
95 

Statioii. 

DediDatkm. 

Dip. 

Horiiontal  Inten- 
rity. 

Pilot  Town. 

O       / 

4-3    0 

a 

« 

O       1 

71  22 

o 

1 
11 

4.28 

+  .06  1 

96|08bonie'8  RniD, 

2  55 

4 

71  52 



10 

4.12 

4-  .13 

97,Sa8qttehanna  Light, 

2  26 

+ 

37 

71  55 

— 

7 

4.08 

4-  .16 

98,Finlay, 

2  87 

— 

4 

7157 

-^ 

19 

4.04 

4-  .22 

u        u 

2  37 

— 

4 

7149 

— 

1 

4.16 

4-  .10 

99,Pool'8  Island, 

2  42 

+ 

3 

71  65 



18 

4.11 

+  .17 

lOORosanne, 
ilOllFort  McHenry, 

234 

13 

72  11 



37 

4.03 

+  .26 

2  32 

— 

2 

l02North  Point, 

157 

4- 

43 

7133    — 

4 

4.17 

4-  .13 

«         u           u 

1  53 

4- 

40 

lOSiBodkin  Light, 

2  19 

+ 

14 

7146    — 

17 

4.18 

4-  .12  , 

!l04  Kent  Island,  (1) 

2  33 

4- 

6 

7117  ,4- 

5 

4.21 

4- .11  ' 

,105;Soath  Base,  Kent  Island, 

2  47 

20 

7141 



?9 

4.19 

4-  .16 

il06  Taylor, 

287 

— 

13 

7145 

— 

26 

4.21 

4-  .12^ 

«         u 

2  31 

— 

17 

71  22 



3 

4.21 

4-  .12  1 

107  Marriott, 

2  27 

— 

15 

71  14 



5 

4.25 

4-  .11  , 

1  (f         « 

2    7 

4- 

15 

71  13 



4 

4.23 

4-  .13 

lOSWehb'sHiU, 

2    3 

4- 

15 

71  22 

-f 

2 

4.29 

4-  .03  ! 

109  Soper's  Hill, 
llO.HifrsffiU, 

2    4 

1 

71  55 

31 

4.14 

4-  .19 

2  15 

— 

15 

71  11 

4- 

1 

4.31 

4-  .05 

111 

Causten's  Hill, 

1    4 

4- 

44 

71  16 

4 

4.23 

4-  .13 

it 

tt          tt 

38 

4-110 

71  19 



7 

4.28 

4-  .08 

tt 

tt          tt 

37 

4-1 

11 

112 

Washington  City, 

5  38 

-^47 

71  16 

— 

6 

438 

—  .01 

113 

Davis, 

2  14 

4-1 

1 

70  50 



2 

4.35 

4-  .06 

ll4|Ro8lyn, 

13 

4- 

32 

69  12 

-f 

21 

4.64 

4-  .02 

115  Stevenson's  Point, 

153 

44 

68  58 

22 

4.65 

4-  .14 

lie'Shellbank, 

1  57 

— 

27 

68  40 

— 

4 

4.70 

4-  .09 

UTiBodies  Island, 

4-127 

-t- 

3 

68  21 

+ 

3 

4.74 

4-  .08 

118  Raleigh,  N.  C, 

— 1    8 

4- 

11 

68    4 

7 

4.97 

—  .03 

ligpeRosset, 

130 

+ 

27 

66  38 

— 

6 

5.20 

—  .04 

120,Columbia,  S.  C, 

3  18 

+ 

12 

66    0 

— 

9 

5.30 

12l|All8ton, 

2  22 

4- 

10 

65  22  ,  -f 

7 

5.43 

—  .08 

122;Macon,  Ga., 

4  30 

4- 

30 

63  41     + 

28 

5.67 

4-  .01 

123  Breach  Inlet, 

2  14 

84 

64  32    -f 

14 

5.46 

124'East  Base,  Edisto  Island, 

2  54 

— 

9 

64    4    4- 

23 

5.53 

125  Savannah, 

3  49 

4- 

10 

63  35     -. 

13 

5.62 

126  Tjbee  Island, 

3  41 

+ 

8 

63  84     -- 

14 

5.60 

4-  .03  1 

127, Cape  Florida, 

4  25 

8 

56  13    4- 

8 

6.61 

-.09 

128  Sand  Key, 

5  29 

4- 

5 

54  26     4- 

1 

6.76 

4-  .07 

129'Depot  Key, 

6  22 

4- 

12 

59  55  1  4- 

8 

6.15 

4-  .04  1 

130  St.  Mark's  Light, 

5  31 

4- 

1 

1 

1 

131  |Dog  Island, 

5  53 

4- 

10 

1 

1 

132  St.  Geoiige's  Island, 

6    4 

+ 

10 

133  Cape  St.  Bias, 

6    8 

4- 

4 

134  Hurricane  Island, 

6  14 

4- 

6 

1 

135  Fort  Morgan, 

7    3 

1 

6.21 

136  East  Pascagonla, 

7  12 

0 

60  30  1  — 

3 

6.20 

<t      tt  '          tt 

7  12 

0 

1 

6.20 

137  Montgomery, 

5    6 

— 1 

4 

62  52    4- 

20 

5.89 

-.10 

138  Fort  Livingston, 

7  40 

— 

4 

1 

Belle  Isle, 

139  Isle  Demiftre, 

8  20 

4- 

17 

UO.DoUar  Point, 

8  57 

7 

57  53    4- 

7 

6.53 

-.04 

141, East  Base, 

9    7 

— 

4 

57  42 

3 

6.52 

4-  .02 

142  Jupiter, 

9  10 

— 

5 

57  12 

6 

6.59 

USjRio  Grande, 

—9    2 

^ 

5 

52  23 

7 
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No. 


Station. 


jl44,Saii  Diego, 

USjSan  Pedro, 

146|PoiDt  Ck>nception, 

•147  San  Luis  Obispo, 

|l48|Pomt  Pinos, 

;149,San  Francisco, 

,150,Back8port, 

151  Humboldt, 

j  1 52  EwingHarbor, 

1 53 1  Cape  Disappointment, 

154|    "  " 

155  Scarboroagh  Harbor, 

156JWaddahIsI.  (Ne^-ah  Bay), 


Deelinfttlon. 

O       1 

o    * 

—12  28 

—    21 

12  32 

—    25 

13  37 

+    18 

13  50 

+      5 

14  13 

+      6 

14  57 

—      0 

15  25 

—    10 

17    3 

—    14 

17    0 

—    16 

18  28 

+      6 

20  19 

+    22 

20  45 

—      4 

21  27 

—      7 

—21  41 

+      8 

Mp. 

•"'• 

O      1           o      , 

1 

57  38     -h    83 
59  82    —    17 

6.30 
6.17 

—  .04 

—  .01 

59  42     +    45 

6.08 

—  .03 

71    7 


4.32 


.00 


V.    METEOROLOGY. 

1.   On  the  Spirality  of  Motion  in  Whirlwinds  and  Tobna- 
DOES.     By  W.  C.  Redfield,  of  New  York. 


1.  An  aggregated  spiral  movement,  around  a  smaller  axial  space, 
constitutes  the  essentiar  portion  of  whirlwinds  and  tornadoes. 

2.  The  course  of  the  spiral  rotation,  whether  to  the  right  or  left,  is 
one  and  the  same  in  this  respect,  throughout  the  entire  whirling  body, 
so  long  as  its  integrity  is  preserved.  But  the  oblique  inclination 
which  the  spiral  movement  also  has  to  the  plane  of  the  horizon,  is  in 
opposite  directions  as  regards  the  exterior  and  interior  portions  of  the 
revolving  mass.  Thus,  in  the  more  outward  portion  of  the  whirlwind, 
the  tendency  of  this  movement  is  obliquely  downward,  when  the  axis 
is  vertical ;  but  in  the  interior  portion,  the  inclination  or  tendency  of 
the  spiral  movement  is  upward.  This  fact  explains  the  ascensive 
effects  which  are  observed  in  tornadoes  and  in  more  diminutive  whirl- 
winds. 

3.  Owing  to  the  increased  pressure  of  the  circumjacent  air,  in  ap- 
proaching the  earth^s  surface,  the  normal  course  of  the  gradually 
descending  movement  in  a  symmetric  whirlwind  is  that  of  an  invo- 
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luted  or  closing  spiral;  while  the  course  of  the  interior  ascending 
movement  of  rotation  is  that  of  an  evolved  or  opening  spiral.  Hence, 
the  horizontal  areas  of  the  higher  portions  of  the  whirl  exceed  greatly 
those  of  its  lower  portions. 

4.  The  area  of  the  ascending  spiral  movement  in  the  vortex,  as  it 
leaves  the  earth^s  surface,  is  by  far  the  smallest  portion  of  the  whirl- 
ing body ;  for  the  reason  that  the  rotation  here  is  proportionally  more 
active  and  intense,  being  impelled  by  the  aggregated  pressure  and  mo- 
mentum of  the  more  outward  portion  of  the  whirlwind  as  it  converges 
from  its  larger  areas,  on  all  sides,  by  increasingly  rapid  motion,  into 
the  smaller  areas  of  ascending  rotation.*  That  this  interior  portion  of 
the  whirl  resembles  an  inverted  hollow  cone,  or  column,  with  quies- 
cent and  more  rarefied  air  at  its  absolute  centre,  may  be  inferred  from 
the  observations  which  have  been  made  in  the  axial  portions  of  the 
great  cyclones.  Into  this  axial  area  of  the  tornado  the  bodies  forced 
upward  by  the  vortex  cannot  fall,  but  are  discharged  outwardly  from 
the  ascending  whirl.  The  columnar  profile  of  this  axial  area  some- 
times becomes  visible,  as  in  the  water-spouts,  so  called. 

5.  Accessions  caused  by  circumjacent  contact  and  pressure  are  con- 
stantly accruing  to  the  whirling  body,  so  long  as  its  rotative  energy  is 
maintained.  A  correlative  diffusion  from  its  ascending  portion  must 
necessarily  take  place,  towards  its  upper  horizon ;  and  this  is  often 
manifested  by  the  great  extent  or  accumulation  of  cloud  which  results 
in  this  manner  from  the  action  of  the  tornado.  In  other  words,  there 
is  a  constant  discharge  from  the  whirling  body  in  the  direction  of  least 
resistance. 

6.  The  spirality  of  the  rotation,  and  its  inclination  to  the  horizon,  in 

*  Tho  law  of  increment  in  the  velocity  of  the  whirlwind,  as  it  gradually  con- 
verges into  lesser  areas  by  its  spiral  involution,  is  that  which  pertains  to  all  bodies 
when  revolving  aronnd  interior  foci  towards  which  they  are  being  gradually  drawn 
or  pressed  nearer  and  nearer,  in  their  involute  course ;  the  line  of  focal  or  centripe- 
tal pressure  thus  sweeping  equal  areas  in  equal  times,  at  whatever  diminution  of  dis- 
tance from  the  centre ;  except  as  the  velocity  may  be  affected  in  degree  by  the 
resistance  of  other  bodies.  Such  resistance  is  of  little  effect  in  a  tornado,  because 
its  revolving  mass  is  mainly  above  all  ordinary  obstacles,  such  as  orchards  and  for- 
ests, into  which  the  spirally  descending  and  accelerated  blast,  near  the  contracted 
extremity  of  the  inverted  and  truncated  cone  of  the  whirl,  penetrates  with  constant 
freshness  and  intensity  of  force,  already  acquired  in  the  higher  and  unobstructed 
region. 
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the  great  portion  of  the  whirl  which  is  exterior  to  its  ascending  area, 
are  not  ordinarily  subject  to  direct  observation.  Nor  is  the  outline  or 
body  of  the  more  outward  portion  of  the  whirlwind  at  all  visible,  oth- 
erwise than  in  its  effects. 

7.  In  aqueous  vortices,  the  axial  spiralities  of  the  exterior  and  inte- 
rior portions  of  the  whirl  are  in  reverse  direction  to  those  in  the  atmos- 
phere, the  descending  spiral  being  nearest  to  the  axis  of  the  vortex. 
Hence,  lighter  bodies,  and  even  bubbles  of  air,  are  often  forced  down- 
ward in  the  water,  in  the  manner  in  which  heavier  bodies  are  forced 
upward  in  the  atmosphere. 

The  foregoing  is  simply  a  statement  of  results  which  I  have  derived 
from  a  long  course  of  observation  and  inquiry.  It  does  not  include 
the  partial  and  imperfect  exhibitions  of  whirlwind  action,  which  often 
occur,  nor  the  various  movements  and  phenomena  which  are  collat- 
erally associated  with  tornadoes  and  whirlwinds,  some  of  which  are  of 
much  significance. 


2.  On  Various  Cyclones  or  Typhoons  of  the  North  Pacific 
Ocean;  with  a  Chart,  showing  their  Courses  of  Progres- 
sion.    By  W.  C.  Redfield,  of  New  York. 

This  memoir  is  founded  to  a  considerable  extent  on  data  obtained 
from  the  log-books  and  meteorological  reports  of  the  ships  composing 
the  Expedition  to  Japan,  under  the  command  of  Commodore  Matthew 
C.  Perry,  and  is  intended  for  publication  in  the  appendix  to  the  official 
account  of  the  Expedition. 

Of  the  typhoon  encountered  by  the  United  States  ship  Mississippi, 
on  the  7th  of  October,  1854,  on  her  return  from  Japan,  some  notice 
was  given  at  the  last  meeting  of  the  Association  at  Providence.  Allu- 
sion was  then  made,  also,  to  the  great  cyclone  encountered  by  various 
ships  of  the  squadron,  in  July,  1853,  between  the  coasts  of  China  and 
Japan,  and  at  the  Loo  Choo  Islands.  This  remarkable  storm  spread 
over  a  path  of  perhaps  one  thousand  miles  in  breadth,  while  its  rate 
of  advance  hardly  exceeded  three  miles  an  hour. 

The  Chart  then  exhibited,  on  which  were  shown  the  courses  of 
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several  cyclones  in  the  North  Pacific,  has  heen  improved  by  various 
additions,  and  is  now  offered  for  publication.  Some  portions  of  the 
memoir,  with  several  abbreviated  reports  of  cyclones,  are  here  sub* 
mitted. 

Cyclones  and  the  Monsoons.  —  In  the  Asiatic  seas,  as  elsewhere, 
the  judgment  of  the  navigator  is  often  misguided  by  the  loose  and  in- 
accurate statements  which  are  found  in  various  authorities.  Thus,  it 
19  said  that  gales  or  hurricanes  rarely  occur  in  these  seas,  except  at 
the  change  of  the  monsoons,  or  the  period  of  the  equinoxes.  These 
assumed  axioms  are  greatly  erroneous;  as  the  inspection  of  the 
storm  charts  will  suffice  to  show. 

The  actual  relations  of  the  cyclones  to  the  monsoons  and  local  winds 
of  the  Asiatic  seas  are  of  much  interest,  and  merit  a  careful  examina- 
tion. It  is  quite  remarkable  that  the  monsoons  should  be  found  to 
have  little,  if  any,  control  or  influence,  as  regards  the  regular  courses 
and  development  of  the  cyclones.  This  may  show  the  predominance 
of  cosmical  laws  and  influences  over  the  apparently  opposing  condi- 
tions which  are  so  extensively  presented  in  these  alternating  winds. 

The  extent  of  the  westerly  monsoons,  parallel  to,  and  on  both  sides 
of,  the  equator,  appears  to  be  far  greater  than  has  been  recognized  by 
most  writers.  In  the  northern  hemisphere,  these  counter  winds  of  the 
true  trades  extend  from  the  east  coast  of  Africa,  near  longitude  45^  E., 
at  least  to  longitude  175°  E.,  in  the  Central  Pacific.  The  proper  trade- 
wind  appears  to  consist  of  a  comparatively  thin  stratum  of  aerial  cur- 
rent, moving  upon  the  ocean  surface,  and  distinguished  by  its  inclina- 
tion towards  the  equator.  On  this  stratum  is  ordinarily  imposed 
another  current,  probably  of  greater  depth  and  volume,  into  which  the 
trade-wind  ultimately  merges,  and  which  also  tends  westward  m  the 
trade-wind  latitudes,  but  generally  inclines /rom  the  equator;  as  is 
shown  by  the  rain-clouds  and  squalls  which  it  carries,  and  by  the 
direction  of  translation  imparted  to  the  cyclones  which  it  embodies. 
This  important  wind-current,  so  little  recognized  by  most  writers,  fre- 
quently alternates  with  or  displaces  the  true  trades,  and  it  displaces 
still  more  frequently  the  westerly  monsoon,  as  a  surface  wind  ;  espe- 
cially to  the  east  of  Sumatra.  Thus,  the  "  southwest  monsoon  "  of 
the  China  Sea  and  the  Western  Pacific,  which  extends  to  the  shores 
of  Japan,  is  very  of^n  displaced  from  the  surface  by  the  subsidence 
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of  the  main  current  of  southeasterly  wind  ;  more  especially  in  the  re- 
gions near  the  Asiatic  coast. 

Univebsalitt  of  the  Law  of  Storms.  —  The  law  of  rotation 
and  progression  in  storms,  as  developed  on  the  Atlantic  Ocean,  which 
was  suhstantially  discerned  by  the  present  writer  in  the  year  1821,  is 
essentially  cosmical  or  world-wide  in  its  origin  and  application.  This 
soon  became  apparent,  in  examining  the  accounts  of  gales  which  are 
found  in  the  voyages  of  Cook,  Vancouver,  and  others,  in  the  several 
oceans  and  climatory  zones  of  our  globe.  Hence,  the  polar  relations 
of  the  phenomena  presented  are  necessarily  changed  in  the  southern 
hemisphere,  where,  in  all  our  relative  comparisons,  south  must  be 
substituted  for  north  ;  east  and  west  remaining  the  same. 

This  similarity  of  polar  relations  in  the  winds  of  the  two  hemi- 
spheres, and  the  corresponding  influences  on  the  barometer  which  are 
shown  by  the  opposite  cyclonic  changes  of  these  winds,  are  virtually 
recognized  in  Captain  P.  P.  King's  account  of  his  surveying  expedi- 
tion in  the  southern  hemisphere,  about  the  year  1826,  as  is  seen  in 
his  sailing  directions.  The  more  complete  and  satisfactory  evidence 
of  this  cosmical  system,  or  law,  of  cyclonic  action,  which  is  derived 
from  a  series  of  extensive  geographical  observations,  made  in  the 
paths  of  storms  in  the  southern  hemisphere,  has  since  been  furnished 
in  the  several  works  of  Reid,  Thom,  and  Piddington.  The  latter  au- 
thor has  also  investigated  many  storms  of  the  Sea  of  Bengal  and  the 
Indian  Ocean,  and  has  noticed  various  gales  or  typhoons  of  the  China 
Sea.  Some  of  the  following  notices  may  serve  to  increase  our  knowl- 
edge of  Asiatic  storms. 

China  Sea  and  Gulf  of  Tonquin.  —  On  the  southern  coast  of 
China,  the  semiannual  changes  of  the  monsoons  are  found  to  occur 
in  April,  and  about  the  end  of  September.  On  former  occasions  I 
have  published  notices  of  some  of  the  numerous  typhoons  which  cross 
the  China  Sea,  more  commonly  from  May  to  October,  on  routes  cor- 
responding in  direction  to  those  of  the  hurricanes  in  the  West  Indies, 
and  with  like  characteristics.  That  observant  old  voyager,  Dampier, 
states  that  on  the  coast  of  Tonquin  the  typhoons  are  expected  in  the 
months  of  July,  August,  and  September.  He  says,  that  in  these  ty- 
phoons "  the  wind  comes  on  fierce,  and  blows  very  violent  at  north- 
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east,  twelve  hours,  more  or  less.  When  the  wind  begins  to  abate,  it 
dies  away  suddenly,  and  falling  flat  calm,  it  continues  so  an  hour, 
more  or  less ;  when  the  wind  comes  about  to  the  southwest,  and  it 
blows  and  rains  as  fierce  from  thence  as  it  did  before  from  the  north- 
east, and  as  long."  A  better  description  of  a  violent  cyclone,  as  ob- 
served on  its  centre-path  in  the  lower  latitudes,  and  before  its  recurva- 
tion, could  hardly  be  given. 

A  Typhoon  in  February,  in  the  Trade-Winds  of  the  Pa- 
cific—  At  noon  of  February  3d,  1653,  the  Annie  Buckman,  sailing 
for  Canton,  was  in  latitude  12**  30'  N.,  longitude  129**  16'  E.,  with 
barometer  at  29.75,  and  a  double-reefed  topsail  breeze  from  north- 
east. Between  this  time  and  the  9th  the  vessel  was  subject  to  a  very 
violent  typhoon  ;  during  which  both  the  direction  of  the  wind  and  the 
course  of  the  vessel  went  round  the  compass,  by  the  north,  west,  and 
south,  to  the  northeast  quarter,  on  the  9th.  At  noon  of  this  day  the 
vessel  was  in  latitude  18**  9'  N.,  longitude  127**  25'  E.,  barometer 
29.80,  and  of  the  few  entries  given,  the  lowest  was  29.25,  at  4  P.  M. 
of  February  7th ;  wind  then  from  the  westward,  and  increasing  soon 
afler  to  its  greatest  violence.  Captain  Barber  states  that  in  twenty 
years  of  navigation,  in  all  oceans,  he  had  not  encountered  ahurricane 
so  violent. 

BoNiN  Islands.  —  On  the  25th  of  October,  1853,  the  United  States 
ship  Plymouth  encouptered  a  typhoon  at  Port  Lloyd,  in  latitude  27** 
5'  N.,  longitude  142**  11'  E.,  which  commenced  with  squalls  of  wind 
from  east-southeast,  under  which  the  barometer  began  to  fall.  ^^  At 
9  P.  M.  it  fell  calm,  and  continued  so  for  little  less  than  an  hour,  when 
the  wind  came  out  again  suddenly  from  northwest,  with  terrific  vio- 
lence, blowing,  if  anything,  still  harder  than  from  east-southeast.  Ba- 
rometer when  lowest,  28.97 ;  at  which  it  arrived  very  rapidly ;  and 
when  it  commenced  rising,  it  did  so  in  the  same  manner."  This 
cyclone  evidently  completed  its  recurvation  while  passing  over  the 
Benin  Islands. 

On  the  28th  of  October,  1854,  another  severe  typhoon  passed  over 
Port  Lloyd,  where  the  United  States  ship  Vincennes,  of  the  surveying 
expedition,  was  then  lying  at  anchor.  In  its  recurvation,  its  centre 
went  round  to  the  westward  of  Port  Lloyd,  as  indicated  by  the  suc- 

19 
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cessive  phases  of  the  wind  and  harometer.  It  has  been  ably  descnbed 
by  John  Rodgers,  Esq.,  commander  of  the  expedition,  and  Anton 
Schonborn,  assistant  astronomer,  in  a  communication  addressed  to  the 
present  writer. 

Reindeer's  Cyclone,  July,  1850.  —  The  American  ship  Reindeer 
was  dismasted  in  a  furious  hurricane  on  the  19th  of  July,  1850,  in 
latitude  18''  SO'  N.,  longitude  ISO""  E. ;  about  twelve  hundred  miles 
from  the  coast  of  China.  She  ran  with  bare  poles,  under  the  easterly 
winds  of  the  cyclone ;  thus  nearing  its  vortex,  till  the  barometer  had 
fallen  to  28.85,  when  the  wind  veered  to  south-southeast,  in  a  perfect 
blast ;  the  ship  broached  to,  and  the  masts  soon  went  overboard. 

With  the  knowledge  of  storms  we  now  possess,  our  ships  ought  not 
to  be  thus  disabled  in  open  sea. 

The  Freak's  Typhoon  of  May  1,  1850.— The  English  brig 
Freak  fell  in  with  this  cyclone  in  latitude  19**  28'  N.,  longitude  138** 
44'  E.,  with  the  wind  east  by  south,  varying  to  east  by  north,  and  the 
brig  ran  westward  with  an  increasing  gale.  At  midnight  the  master 
began  to  suspect  that  he  was  approaching  the  vortex  of  a  cyclone  that 
was  travelling  to  the  northwest,  and  at  1  A.  M.,  May  2d,  he  hove  to 
on  the  starboard  tack,  to  allow  it  to  pass  him.  It  continued  blowing 
a  hurricane,  and  at  noon  the  wind  became  east-northeast,  with  the 
barometer  at  29.22.  Between  2  and  3  P.  M.,  the  foretopmast  was 
broken  off  by  the  force  of  the  wind,  which  at  this  time  was  beyond 
description.  At  3.50  P.  M.,  the  barometer  had  fallen  to  28.87,  its 
lowest  point.  The  wind  from  noon  continued  to  haul  northward,  its 
greatest  strength  being  from  about  northeast  by  north,  and  the  roaster 
thus  found,  to  his  surprise,  that  he  was  in  the  northwest  quadrant  of 
the  cyclone,  and  on  the  left  side  of  its  centre  path ;  it  having  already 
recurved  to  the  northward  and  eastward.  From  4  P.  M.,  the  barom- 
eter began  to  rise,  and  the  force  of  the  gale  to  decrease. 

The  easterly  winds  of  this  cyclone  having  veered  by  the  north,  the 
master's  inference  that  the  recurvation  in  its  course  took  place  during 
the  time  his  vessel  was  in  the  gale,  appears  correct ;  the  centre  of  the 
vortex  having  recurved  southward  and  eastward  of  the  vessel's  place. 
His  full  account  may  be  seen  in  the  London  Nautical  Magazine,  1851, 
pp.  273-275. 
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Ladrone  or  Marian  Islands.  —  These  islands  lie  near  longitude 
146**  E.,  and  are  subject  to  hurricanes,  for  which  the  inhabitants  pre- 
pare, by  lashing  down  and  securing  their  houses.  They  are  expected 
in  the  months  of  June,  July,  and  August;  also,  in  December  and 
January.  The  island  of  Guam,  latitude  13"  26'  N.,  was  visited  on  the 
23d  of  September,  1855,  by  a  typhoon  of  the  most  violent  character. 
More  than  eight  thousand  persons  were  left  without  a  house  or  roof  to 
protect  them  from  the  fury  of  the  storm. 

Cyclone  of  the  J.  N.  Gosler,  May,  1855.  —  The  American  ship 
J.  N.  Gosler,  from  San  Francisco  for  Hong  Kong,  experienced  a 
heavy  typhoon  on  the  28th  of  May,  1855,  in  latitude  16**  40'  N.,  lon- 
gitude 147°  45'  £. ;  nearly  two  thousand  miles  from  the  Chinese  coast. 
She  carried  away  sails,  spars,  6lc ^  and  was  abandoned  on  the  30th, 
with  nine  feet  of  water  in  the  hold.  The  officers  and  crew  succeeded 
in  reaching  the  Marian  Islands,' in  their  boats. 

Strong's  Island  and  Ascension.  —  Mr.  John  T.  Gulick,  of  the 
Sandwich  Islands,  in  the  year  1852,  visited  several  of  the  Micronesian 
Islands,  near  the  equator,  in  company  with  the  missionaries  who  then 
settled  at  these  islands.  At  Strong's  Island  (Nalan),  in  latitude  5° 
12'  N.,  longitude  163°  E.,  they  were  informed  by  King  George,  the 
principal  chief,  that  some  years  previous  the  island  had  been  visited 
by  a  hurricane  which  wholly  destroyed  the  bread-fruit  trees,  and 
caused  a  famine  which  nearly  depopulated  the  island.  He  described 
it  as  blowing  first  from  one  quarter  of  the  heavens  and  then  from  an- 
other. At  Ascension  Island  (Bonabe),  which  is  about  three  hundred 
miles  distant  in  a  west-northwest  direction,  a  similar  account  was  re- 
ceived. 

Cyclone  of  the  Austerlitz,  November,  1851.  —  The  new  clip- 
per Witchcraft  arrived  at  Hong  Kong  on  the  3d  of  December,  from 
California,  with  loss  of  mainmast-head  and  all  the  topmasts.  She 
experienced  a  typhoon  on  the  13 -14th  of  November,  in  latitude 
22*  40'  N.,  longitude.150**  E. 

About  the  same  period,  in  latitude  19**  48'  N.,  longitude  159''  E., 
the  American  ship  Austerlitz  was  totally  dismasted.  The  chain- 
plates  were  torn  from  her  sides,  and  her  hull  otherwise  much  injured, 
and  the  vessel  was  soon  after  abandoned. 
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It  cannot  be  doubted  that  the  Austerlitz  and  Witchcraft  fell,  succes* 
sively,  into  the  heart  of  this  cyclone.  We  have  thus  two  points  estab- 
lished in  its  track,  which  are  distant  from  each  other  about  five  hun- 
dred and  thirty  nautical  miles.  These  positions  show  its  course  to 
have  been  north  IV  west,  or  west-northwest,  nearly.  The  position  of 
the  Austerlitz  is  more  than  two  thousand  five  hundred  miles  from 
Hong  Kong,  and  is  somewhat  less  from  the  Sandwich  Islands. 

KiNGSMiLL  Islands  and  Gilbert  Archifelago.  —  These  islands, 
situated  on  and  near  the  equator,  near  longitude  175°  E.,  were  vbited 
by  a  ship  of  the  United  States  Exploring  Expedition  under  Captain 
Wilkes.  Variable  winds  from  the  northward  and  westward  prevail 
from  October  to  April ;  and  they  have  violent  gales  from  the  south- 
west. According  to  Kirby,  who  was  taken  off  the  islands,  these 
storms  are  typhoon-like,  and  last  three  or  four  days.  The  westerly 
sides  of  the  islands  receive  most  damage,  and  both  land  and  trees  are 
swept  away. 

Radack  Islands.  —  These  islands  are  scattered  between  6°  and  11** 
north  latitude,  and  longitude  IGS''  to  173''  E.  Captain  Kotzebec  ascer- 
tained that  hurricanes  of  great  violence  sometimes  occur  in  Septem- 
ber and  October,  and  the  natives  always  anticipate  with  dread  the  re- 
currence of  those  months. 

The  Japan's  Typhoon.  —  In  December,  1832,  the  Japan,  a  new 
ship,  encountered  a  severe  hurricane  in  latitude  13*^  N.,  longitude 
about  160°  W.  This  position  is  nearly  on  the  meridian  of  the  most 
western  of  the  Sandwich  Islands. 

The  Sandwich  Islands. — At  the  Sandwich  Islands,  latitude  19°  to 
22°  N.,  longitude  155°  to  160°  W.,  the  cyclones  which  occur  are  not 
commonly  of  great  severity,  although  the  nadve  huts  are  sometimes 
unroofed  or  destroyed.  The  kona^  or  southerly  wind,  by  which  the 
trade-wind,  during  part  of  the  year,  is  much  interrupted,  may  be  re- 
ferred, at  least  in  part,  to  those  cyclones  which  find  their  centre-path 
northward  of  the  islands,  or  which  complete  their  recurvation  in  that 
region.  The  easterly  gales,  which  accord  nearly  with  the  trade- wind 
in  their  direction,  indicate  an  axis-path  which  lies  southward  of  the 
islands.  The  actual  presence  or  influence  of  a  cyclone  may  com- 
monly be  determined  by  the  oscillations  of  the  barometer. 
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The  absence  of  intense  violence  in  any  of  the  cyclones  which  visit 
this  group  may  possibly  be  due  to  their  geographical  position.  But 
it  is  equally  probable  that  this  qualified  exemption  may  result  from  a 
diversion  of  the  course  of  the  central  vortex  of  the  cyclone,  occasioned 
by  the  great  height  and  compact  form  of  Hawaii,  the  most  southeast- 
em  of  these  islands.  For  the  group  lies  in  almost  a  direct  line,  which 
is  parallel  to  the  ordinary  course  of  cyclones  in  the  lower  latitudes, 
being,  from  the  summit  of  Mauna  Kea  to  the  centre  of  Kauai,  north 
61**  west  A  cyclonic  vortex,  if  moving  previously  on  this  line,  would 
be  displaced  by  the  eastern  angle  of  Hawaii ;  which  island  has  an 
area  of  nearly  four  thousand  square  miles ;  a  portion  of  which  rises 
far  above  the  upper  horizon  of  the  cyclones,  and  at  two  points  reaches 
an  elevation  of  nearly  fourteen  thousand  feet.  The  protection,  or  par- 
tial diversion  of  course  thus  occasioned,  must  extend  to  the  high  but 
smaller  islands  which  lie  to  the  leeward  in  the  same  track. 

Cyclone  of  the  Labk.  —  The  Lark,  an  American  barque  from 
Canton  for  Valparaiso,  met  a  severe  gale  on  the  23d  of  September, 
1843,  in  latitude  15**  N.,  longitude  138*  40'  W.  The  Lark  also  en- 
countered a  violent  typhoon  at  an  earlier  date,  when  off  the  island  of 
Formosa. 

Cyclones  of  the  Eastern  Pacific  —  For  the  sake  of  brevity,  I 
pass  over  several  accounts  of  violent  cyclones  which  have  been  found 
between  the  Sandwich  Islands  and  the  Southern  coasts  of  Mexico  and 
Central  America.  The  occurrence  of  hurricanes  in  this  part  of  the 
Pacific  is  by  no  means  unfrequent ;  and  the  cases  I  have  quoted  are 
instructive  to  navigators.  The  omitted  notices  are  contained  in  the 
appendix  to  the  account  of  the  Japan  Expedition,  already  referred  to. 
The  sketches  of  storm-tracks,  as  first  intimated,  are  found  on  the 
small  chart  of  the  North  Pacific,  hereto  appended. 

If  these  imperfect  notices  shall  contribute  in  any  degree  to  the  safe- 
ty and  success  of  our  ships  and  commerce,  it  will  be  a  grateful  reward 
for  the  attention  and  labor  which  this  important  subject  has  at  any 
time  required. 

New  York,  September  6th,  1856. 
19* 
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3.  On  the  Avoidance  op  the  Violent  Poktions  op  Cyclones, 
WITH  Notices  of  a  Typhoon  at  the  Bonin  Islands.  By 
John  Rodgers,  Commander,  U.  S.  N.,  and  Anton  Schonbobn, 
Assistant  Astronomer.  (In  the  form  of  Letters  to  W.  C.  Redfield, 
by  whom  they  were  communicated  to  the  Association.) 

Commander  Rodgers^s  Letter. 

I  AM  a  firm  believer,  out  of  my  own  experience,  in  the  truth  of  your 
theory  of  hurricanes.  I  think  you  have  enabled  me  to  avoid  storms, 
into  whose  centres  I  should  have  been  unwilling  to  be  involved,  and  I 
feel,  therefore,  that  I  am  under  personal  obligations  to  you  for  your 
happy  meteorological  discoveries.  You  have  conferred  by  them  a 
great  good  to  the  nation  and  to  the  world. 

I  do  not  know  whether  my  notes  of  weather  have  any  value  in  re- 
gard to  the  hurricane  experienced  by  the  Mississippi,  on  October  7th, 
1854.  On  September  23d,  preceding  this  typhoon,  we  were  in  the 
China  Sea,  in  latitude  21*"  44'  N.,  longitude  119*"  17'  E.  The  weather 
was  very  threatening.  We  were  standing  to  the  southward,  and  a 
black  cloud  was  ahead  of  us,  with  vivid  lightning,  with  a  cross  and 
violent  sea,  with  heavy  rain,  and  fitful  squalls  continually  increasing 
in  frequency  and  force.  I  considered  that  I  saw  a  cyclone  before  us, 
and  that  we  should  avoid  its  force,  by  sailing  away  from  it.  We 
stood  to  the  northward.  The  barometer  soon  rose,  and  the  wind  mod- 
erated. 

At  the  Bonin  Islands,  on  October  28th,  1854,  we  had  a  typhoon. 
The  harbor  of  Port  Lloyd  is  formed  by  the  crater  of  an  extinct  vol- 
cano. The  sides  rise  precipitately  above  the  water  to  the  height  of 
some  twelve  hundred  feet.  You  will  easily  perceive,  then,  tliat  the 
anchorage  must  be  in  a  great  degree  protected  from  the  violence  of 
the  wind.  Yet  it  blew  awfully.  It  stripped  all  the  leaves  from  the 
trees,  all  vegetation  was  blighted,  and  even  the  sweet-potato  vines  in 
the  sheltered  valleys  were  destroyed  by  it.  As  I  could  not  at  first  be- 
lieve that  the  wind  had  destroyed  them,  I  attributed  their  wilting  and 
turning  black  to  some  unseen  electrical  agency.  I  aAerwards  con- 
cluded that  the  wind  had  twisted  and  torn  their  sap-vessels,  so  as  to 
destroy  their  vitality. 

This  storm  was  not  so  marked  as  to  give  any  distinct  warning  of  its 
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approach.  The  evening  before  the  hurricane,  the  surf  broke  more 
heavily  upon  the  mouth  of  the  harbor  than  I  had  seen  it.  Had  we 
been  at  sea,  I  have  little  doubt  but  that  we  should  have  known  of  its 
approach.  This  storm  is  well  described  in  the  accompanying  paper 
by  Mr.  Schonborn,  assistant  astronomer  on  board. 

We  had  a  gale  on  November  9th,  1854,  in  latitude  18**  22'  N.,  Ion- 
gitude  143^  45'  £.,  which  I  thought  was  the  edge  of  a  typhoon.  We 
ran  on  until  I  had  satisfied  myself  as  to  its  character,  and  then  we 
hove  the  ship  to  on  the  starboard  tack,  heading  away  from  it.  We 
soon  raised  the  barometer  and  improved  the  weather.  This  case  is 
also  described  in  the  accompanying  paper  of  Mr.  Schonborn. 

In  the  steamer  John  Hancock,  which  I  commanded,  we  were,  on 
May  20th,  1854,  upon  the  verge  of  a  typhoon.  The  weather  was  not 
violent,  but  the  seas  were  peculiar,  rising  up  into  sharp  cones,  and 
running  in  every  direction.  They  buffeted  the  vessel  in  every  part, 
—  striking  her  upon  the  lee  bow  and  weather  quarter  at  once.  I  re- 
marked to  the  officers  on  board,  that  I  felt  sure  we  were  upon  the  edge 
of  a  typhoon.  It  gave  me,  however,  no  uneasiness.  I  concluded  that 
we  were  behind  it,  and  that  keeping  the  vessel  away  would  increase 
our  distance  from  it 

We  steered  off  once,  in  a  fresh  squall,  for  about  fifteen  minutes, 
and  then  hauled  up  to  our  course  again.  We  ran  on  with  a  fair  wind. 
I  expressed  a  wish  to  know  how  any  vessel  some  one  or  two  hundred 
miles  to  the  northward  and  eastward  of  us  was  faring. 

This  curiosity  was  satisfied  by  the  accompanying  extract  from  the 
log-book  of  the  British  ship,  Harkura.  She  was  a  large  Indiaman, 
well  out  of  the  water,  and  in  appearance  such  a  strong,  wholesome 
vessel  as  a  seaman  would  select  to  stand  heavy  weather.* 

Typhoons  are  rare  in  the  China  seas  in  the  month  of  May.  This  is 
therefore  not  without  interest. 


*  The  Bhip  Harkura  left  Hong  Kong  for  London,  May  16th,  1854,  and  returned 
to  port,  under  jury  masts,  on  the  11th  of  June.  She  had  fine  weather  till  the  18th, 
on  which  day  boarded  the  Dutch  barque  Johan  Paul,  then  just  escaped  from  pirates. 
On  the  19th,  wind  fresh  and  steady  at  east  and  east-northeast.  On  the  afternoon 
of  20th  [nautical  time]  moderate  winds  from  east-northeast,  the  barometer  falling 
In  the  evening,  with  lightning  to  the  southward.  Latitude  at  noon  of  that  day,  16^ 
22'  N.,  longitude  113^  £.  At  10  F.  M.,  a  heavy  bank  rising  in  the  southeast,  with 
lightning  and  distant  thunder,  close-reefed  the  topsails  and  stowed  the  mainsail, 
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Anton  Schonbokn's  Lettee. 

DuEiNG  the  past  five  days  the  weather  had  been  rather  warm,  but 
very  fine.     Light  winds  from  southeast  were  prevailing,  which  kept 

spanker,  and  jib.  At  midnight,  barometer  still  falling,  took  in  miuen-topsail  and 
foresail,  and  at  2  A.  M.  stowed  main-topsail.  Not  much  wind,  bat  sea  getting 
cross  and  high.  At  5  A.  M.,  strong  winds  and  heavy  rain,  barometer  fallen  three 
tenths  since  the  preceding  noon.  Sent  down  all  top  hamper,  and  secured  all  sails 
with  extra  gaskets.  At  10  A.  M.  [Saturday,  20th]  gale  increased  to  a  hnnicane, 
with  a  fearful  cross,  high  sea.  Stowed  fore-topsail  and  topmast-staysail,  and 
brought  the  ship  to  on  port  tack,  got  a  sail  in  mizzen-rigging  to  keep  ship  to  the 
wind,  then  so  violent  that  no  sail  could  stand  it.  At  noon  [commencement  of  21  st, 
nautical  time]  latitude,  by  account,  15^  N.,  longitude  112^  20'  E. 

The  afternoon  commenced  with  a  severe  gale,  speedily  increasing  to  a  perfect 
hurricane ;  barometer  down  to  28.50.  At  2  P.  M.  ship  lying  with  her  lee  yard-arras 
in  the  water,  and  barometer  still  falling  rapidly.  Fearing  the  ship  would  founder, 
cut  away  fore  and  mizzen-topmasts;  but  that  being  insufficient  to  right  the  vessd, 
cut  away  the  fore-topmast  The  vessel  then  righted  a  little,  the  wind  still  blowing 
with  fearful  violence,  and  increasing.  The  main-topmast  went  over  the  side,  tak- 
ing with  it  the  head  of  the  mainmast. 

Immediately  after  this  it  fell  a  flat  calm ;  the  barometer  down  to  27.70.  Got  the 
wreck  of  main-topmast  cut  away  from  alongside,  as  well  as  that  of  the  foremast, 
which  hung  to  windward.  At  3  P.  M.,  the  wind  blew  to  the  northwest,  veering  to 
west  and  southwest,  blowing  with  tenfold  violence.  The  lee  bulwarks  all  gone, 
with  everytliing  movable  about  the  deck,  the  sea  up  to  the  combings  of  the  main 
hatch.  The  starboard  side  of  forecastle  washed  out,  and  also  starboard  poop  cabin. 
At  3  45  P.  M.,  ship  righting  a  little,  rigged  two  pumps  and  pumped  her  dry.  At 
6  P.  M.,  the  fury  of  the  typhoon  moderated,  and  the  barometer  commenced  rising. 
Gale  continued  at  southwest,  veering  round  to  south.  Commenced  rigging  jniy- 
masts.  May  22d  [nautical  time],  latitude  15^  N.,  longitude  112^  10' E.  At  8 
P.  M.  [21st,  true  time]  weather  moderated.  Sea  going  down  and  barometer  ris- 
ing. Wind  south  and  southeast. — Extracted  from  Hong  Kong  Gazette,  June  I4ik, 
1854. 

Captain  Crowe*8  Remarks  on  the  above  Typhoon.  —  The  evening  of  Fri- 
day, May  1 9th,  the  weather  looked  very  threatening,  but  nothing  gave  reason  for  sos- 
pecting  the  vicinity  of  a  typhoon.  [?]  The  clouds  had  a  dirty,  red  appearance ;  but 
the  quickly  repeated  flashes  of  lightning  and  the  distant  moaning  of  the  thunder  in 
the  southeast  quarter  were  portentous  of  an  approaching  gale.  The  barometer  did 
not  give  early  indications  of  what  was  coming,  [?]  only  three  tenths  of  fall  appesr- 
ing  up  to  the  time  of  the  commencement  of  the  gale.  The  fall  then,  however,  was 
very  rapid,  and  in  all  of  twenty  years*  experience  (eleven  in  command)  I  never 
saw  the  mereury  so  low  in  the  tube  by  an  inch.    During  the  lull,  when  we  were  in 
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the  temperature  of  the  air,  even  in  the  night,  ahove  80°,  yet  in  the 
warmest  hours  of  the  day  it  would  seldom  be  over  85°  in  the  shade. 
This  morning,  before  sunrise,  light  squalls  from  southeast,  accompa- 
nied by  drizzling  rain,  interrupted  for  the  first  time  the  continued  fine 
weather  we  had  experienced.  At  noon  the  wind  changed  to  the  north 
of  east,  the  rain  ceased,  it  began  to  clear  up,  and  I  could  see  the  blue 


the  vortex,  the  barometer,  a  standard  one,  by  Shephard  of  London,  stood  at  27.50; 
afterwards,  when  we  were  ei^;aged  aboat  the  wreck  of  the  masts,  it  was  reported  to 
me  as  standing  at  27  inches ;  in  fact,  altogether  ont  of  sight.  The  wind  com- 
menced at  east-northeast;  stood  in  that  quarter  24  hoars  (moderate  in  early  part), 
veered  to  northeast,  whence  it  continued  steady  till  we  cut  away  the  masts ;  then  it 
snddenly  subsided  into  a  calm,  which  continued  for  half  an  hour;  then,  without  a 
moment's  warning,  it  opened  ont  in  the  northwest  in  a  most  frightful  tornado,  so 
violent  that  words  cannot  express  its  force,  and  so  continued  for  an  hour,  when  it 
veered  to  west,  and  gradually  afterwards  to  southwest  and  south,  with  continued 
violence.  Rain  throughout  very  heavy.  Had  not  the  vessel  been  brought  to  on  the 
port  tack,  as  Horsburgh  directs,  when  the  wind  shifted  alter  the  lull,  the  vessel 
most  certainly  have  gone  down  stem  foremost;  as  it  was,  the  gust  taking  her  over 
the  stem,  she  came  up  to  the  wind,  and  so  lay  in  safety  during  the  remainder  of  the 
cyclone. 

[Note.  —  The  interests  of  narigation  require  it  to  be  stated,  that  on  the  evenmg 
before  the  disaster  Captain  Crowe  had,  in  the  falling  state  of  the  barometer,  and 
the  direction  of  the  wind,  sufficient  evidence  to  show  that  near  hf,  in  the  southecut, 
vxu  a  typhoon,  then  crossing  his  path.  Had  he  wore  ship  at  this  time,  or  even 
brought  to  on  the  starboard  tack,  till  the  wind  should  have  veered  eastward  and  the 
barometer  commenced  rising,  he  would  have  sustained  no  damage.  But  in  main- 
taining his  course  under  the  unchanging  northeasterly  wind,  and  falling  barometer, 
he  pushed  directly  into  the  heart  of  the  cyclone ;  as  has  too  often  been  done  by 
others. 

Commander  Kodgers  was  fortunate  in  falling  behind  the  violent  portion  of  this 
terrific  cyclone,  and  was  thus  able  to  escape  its  force  without  changing  his  track. 
He  appends  the  log-book  records  of  the  John  Hancock,  from  which  it  appears  that 
at  3  P.  M.  of  May  20th  the  barometer  had  fallen  to  29.60 ;  the  wind  having  veered 
by  the  northwest  to  west  by  north ;  its  greatest  force  6 ;  the  course  of  the  vessel 
about  north-northeast  Latitude  at  noon,  ll<>  5^  N.,  longitude  111°  17'  E.  This 
corresponds  to  the  Harknra's  nauticcU  date  of  21st;  her  distance  from  the  John 
Hancock  then  being  195  miles ;  the  vortex  at  that  time,  somewhat  nearer.  From 
3  to  6  P.  M.  the  barometer  rose  but  little.  Later  in  that  day  the  wind  was  west  by 
south,  and  then  variable,  the  barometer  rising  to  29.80.  The  21st  commenced  with 
wind  at  south:8outheast,  which  continued  so  till  noon,  in  latitude  IS^'  51'  N.,  longi- 
tttde  112<'  47'  £.  Course  north  by  east  After  noon,  the  wind  varied  from  sonth- 
floatheast  to  east,  diminishing  in  force  to  3. — W.  C.  B.1 
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sky  at  times  between  the  slowly  moving  cumuli.  In  the  afternooo, 
about  3  P.  M.,  being  on  shore,  I  heard  some  peals  of  far-off  thunder, 
seemingly  to  eastward  ;  the  same  had  been  noticed  on  board  ship.  A 
range  of  mountains  obstructed  the  sight  to  northeast,  east,  and  south- 
east ;  in  the  latter  direction  I  perceived  the  high,  white  tops  of  heavy 
clouds  (cum.  str.)  some  distance  off.  Occasional  rain-squalls  passed 
on  both  sides  of  us.  In  the  evening  the  squalls  were  more  frequent, 
it  rained  of\en  and  profusely;  the  sky  became  overcast  and  hung 
round  with  dark-looking  clouds,  especially  to  southwest,  where  we 
could  see  the  horizon.  At  8  P.  M.,  barometer  29.859 ;  sympiesome- 
ter  29.896;  aneroid  29.822 ;  temperature  of  air  8 IM;  of  water  78**.7 ; 
of  rain-water  75**.2.*  About  8  P.  M.,  flashes  of  vivid  lightning  to  east 
and  northeast,  and  peals  of  heavy  thunder,  occurred,  which  were  re- 
peated several  times  until  10  P.  M.,  at  intervals,  stronger  or  fainter. 

October  2Sth^  4  A,  M,  — During  the  night  the  squalls  came  from 
northeast,  and  increased  much  in  violence.  About  4  A.  M.  the  wind 
hauled  to  eastward  and  began  to  blow  more  steadily.  The  rain  fell 
all  night  and  morning  very  abundantly  and  in  large  drops.  Barome- 
ter 29.654  ;  sympiesometer  29.675 ;  aneroid  29.630 ;  temperature  of 
air  80''.6 ;  water  77'*.6 ;  rain-water  75^.7.  Towards  6  A.  M.  the  wind 
hauled  to  southeast  by  east,  increasing ;  it  lessened  somewhat  about  8 
A.  M.,  but  regained  soon  its  former  strength  from  east  by  south. 
Rain  now  fell  incessantly,  but  in  smaller  quantity.  Temperature  of 
rain-water  77®.  The  weather  had  a  very  dark  and  threatening  appear- 
ance ;  a  thick  mist  covered  the  horizon  seawards ;  the  surf  broke  high 
and  violently  on  the  reef  near  the  entrance  of  the  harbor,  and  on  the 
rocks  outside. 

At  9  A.  M.,  barometer  29.471;  sympiesometer  29.465;  aneroid 
29.450;  temperatureof  air  81**.l ;  water  77''.7;  rain-water  77** ;  wind 


*  Mr.  Schonborn  appends  an  excellent  diagram,  showing  the  fall  and  rise  of  the 
barometer  under  the  successive  winds  of  this  cyclone  as  it  passed  over  the  ship,  as 
determined  by  frequent  and  careful  obseryations.  He  adds  also  the  curres  indicat- 
ing the  movements  of  the  sympiesometer  and  aneroid  during  the  same  period.  It 
is  a  graphic  exhibition  of  the  cyclonic  action,  and  affords  a  test  of  the  relative  value 
of  the  several  instruments,  under  the  successive  phases  of  the  storm.  He  adds  two 
other  diagrams  of  like  character;  one  of  which,  together  with  that  just  noticed,  I 
have  reduced  for  these  pages,  so  far  as  relates  to  the  barometer.  I  regret  that  they 
could  not  be  reproduced  entire  on  this  occasion.  —  W.  C.  R. 
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southeast  by  east,  force  7.  After  10  A.  M.  the  wind  increased  con- 
tinually, shifting  by  degrees  to  southeast ;  the  barometers  and  sympie- 
someters  fell  rapidly.  A  water-spout  was  observed  at  11  A.  M.  in  the 
mouth  of  the  harbor  moving  quickly  south  westward.  It  had  nearly 
the  height  of  the  neighboring  south  bluff,  behind  which  it  disappeared. 
By  going  over  the  breakers,  a  great  quantity  of  spray  was  carried 
away  with  it,  whirling  around  the  cylinder.  The  clouds  were  not  de- 
fined except  the  scud,  which  flew  swiftly  at  no  great  distance  above 
us.  Shortly  before  noon  the  weather  became  thicker ;  the  surround- 
ing hills  appeared  as  indistinct  shadows  ;  indeed,  we  were  sometimes 
so  entirely  enveloped  in  mist  and  fog,  that  we  could  not  see  a  ship^s 
length  around  us. 

Noon,  barometer  29.123;  sympiesometer  28.956 ;  aneroid  29.100; 
temperature  of  air  79". 8 ;  water  77**.7 ;  rain-water  75**.7 ;  wind  south- 
east one  half  east,  10.  At  1.45  P.  M.  the  wind  had  attained  its  great- 
est force,  and  blew  with  unabated  fury  until  3.30  P.  M.,  veering  in  this 
time  from  southeast  by  south  gradually  to  southwest  one  half  west. 
There  was  no  calm  at  the  climax  of  the  storm  noticeable.  The  sym- 
piesometer stood  lowest  at  2.20  P.  M.  (at  28.233,  wind  south  by 
west),  and  the  barometer  and  aneroid  at  2.30  P.  M.  (at  28.443  and 
28.482,  wind  south  one  half  west).*  All  three  instruments  remained 
but  a  few  minutes  at  their  lowest  position,  and  rose  then  as  rapidly  as 
they  had  fallen.  It  rained  almost  continually,  rather  lightly,  but  the 
drops  fell  with  great  violence,  and  made  me  at  first  believe  them  to  be 
mixed  with  hailstones,  which  idea  however  I  found  contradicted  by 
examination  and  by  the  temperature  of  the  rain-water.  As  the  wind 
turned  to  the  westward  of  south,  there  came  a  heavy  swell  through 
the  entrance  of  the  harbor,  which  increased  as  the  wind  hauled  more 
to  the  west.  After  3.30  P.  M.  the  force  of  the  wind  diminished 
slightly. 

At  5  P.  M.,  barometer  29.169;  sympiesometer  29.060;  aneroid 


*  The  nearest  approach  of  the  axis  or  centre  was  indicated  by  these  lowest  ob- 
servations. As  the  gradual  veering  of  the  wind  was  in  accordance  with  the  appar- 
ent coarse  of  the  snn,  and  no  lull  or  remission  having  occurred  at  the  crisis  of  the 
gale,  it  is  evident  that  the  observers  were  to  the  right  of  the  axis-path,  which  swept 
roand  to  the  southward  and  westward  of  Port  Lloyd.  At  this  time  it  had  partially 
completed  its  recurvation,  and  the  cyclone  was  entering  upon  its  northeasterly  pro- 
gression.—  W.  C.  R. 
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29.178 ;  temperature  of  air  77®.7  ;  water  77® .7 ;  wind  west  by  sooth 
one  fourth  south,  10.  Towards  sunset  the  weather  moderated,  the 
clouds  assumed  shapes  again,  and  for  a  short  time  had  a  remarkably 
lurid  appearance,  the  whole  atmosphere,  filled  with  vapor,  seemed 
to  be  lighted  up,  and  gave  to  the  surrounding  landscape  a  yellowish 
tinge. 

At  8  P.  M.,  barometer  29.533 ;  sympiesometer  29.459 ;  aneroid 
29.529 ;  temperature  of  air  77°.6  ;  water  IT  Si ;  wind  southwest  by 
west,  8.  Fresh  squalls  of  light  rain  from  southwest  by  south,  and 
west-southwest,  passed  frequently.  The  form  of  the  clouds  looked 
loose  and  jagged.  Now  and  then  the  sky  was  partially  clear  over- 
head, and  the  stars  were  visible  even  through  the  thinner  mist-like 
clouds. 

October  29th,  4A,M. — Barometer  29.748 ;  sympiesometer  29.652 ; 
aneroid  29.744 ;  temperature  of  air  78®  ;  water  78®  ;  wind  west-south- 
west, 5.  The  weather  has  been  improving  much  during  the  night 
At  9  A.  M.,  barometer  29.853;  sympiesometer  29.830;  aneroid 
29.850 ;   temperature  of  air  80®.8 ;   wind  light   from  the  westward ; 

weather  very  fine. 

Very  respectfully, 

Anton  Schonborn, 

Assistant  Astronomer, 

U.  S.  Ship  Yincennes,  November  9th,  1854. 

During  the  day  we  had  pleasant  weather.  A  steady  south  wind 
blew  all  the  morning,  advancing  us  speedily  on  our  way  to  the  north. 
In  the  afternoon  the  wind  freshened,  haulmg  to  south-southwest.  The 
barometer  and  sympiesometer  had  been  falling  since  8  P.  M.  of  the 
previous  day,  and  stood  at  3  P.  M.  at  29.717  and  29.710 ;  tempera- 
ture of  air  18®.  1 ;  water  78® .4 ;  wind  south-southwest,  7.  We  were 
then  in  latitude  28®  43'  N.,  longitude  143®  59'  E. 

Towards  evening,  when  the  sun  neared  the  horizon,  he  glanced 
with  unusual  brightness  through  the  clouds,  and  the  sunset  was  mag- 
nificent. The  gilded  edges  of  the  cumuli  to  northwest  contrasted 
finely  with  the  dark  appearance  of  the  cloud-bank  which  began  to  rise 
on  the  horizon.  South  and  westward  the  upper  and  lower  strata 
of  clouds  exhibited  a  great  variety  of  colors,  from  pale  yellow  to 
brilliant  purple,  and  some  of  them,  which  passed  swiftly  overhead, 
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were  even  of  a  greenish  hue.  A  low,  compressed  mist,  orange-col- 
ored, lay  on  the  water  to  the  west,  serving  as  a  line  of  demarcation 
between  the  calm  and  oeautiful  sky  above  and  the  already  troubled 
sea  below. 

As  the  glow  of  the  sunset  lessened,  the  cloud-bank  to  the  northwest 
began  to  rise,  and  when  it  became  dark,  flashes  of  vivid  lightning  fol- 
lowed each  other  in  rapid  succession,  illuminating  at  times  the  whole 
northwestern  part  of  the  heavens.  The  wind  veered  back  to  south  by 
west,  increasing  considerably  in  force,  accompanied  by  sudden  puffs. 
The  waves  became  high  and  irregular,  owing  to  a  cross  swell  from 
south  and  northwest.  A  thick  mist  enveloped  us  sometimes  so  that 
only  a  small  space  overhead  was  clear.  The  barometer  fell  con- 
stantly. At  8  P.  M.  the  ship  was  hauled  hy  the  wind  on  the  starboard 
tack,  with  the  head  to  the  eastward.  The  barometer  and  sympiesom- 
eter  stood  lowest  at  9.20  P.  M.  (29.548 ;  29.572).  At  this  time  also 
the  wind  was  most  vehement  from  south-southwest.  The  barometer 
began  to  rise  after  half  past  n ine  o'clock.  Towards  midn ight  the  weather 
moderated  slightly.  The  wind  blew  in  gusts  from  the  southwest,  veering 
by  degrees  to  westward,  and  some  showers  of  rain  fell.  At  4  A.  M., 
on  the  10th,  the  force  of  the  wind  had  greatly  diminished,  hauling  to 
west-northwest,  and  the  weather  cleared  up. 

It  is  very  probable  that  we  were  in  the  southeastern  wing  of  the 
cyclone.  From  the  collected  facts  the  following  diagram  has  been 
constructed.  By  the  general  appearance  of  the  sky  and  the  swell, 
which  came  at  first  from  northwest,  and  afterwards  from  north,  it 
seemed  that  the  storm  moved  to  northeast.  We  ran  at  first  into  it,  — 
and  by  lying  to,  the  storm  lef\  us,  passing  on  its  way  to  northeast. 
We  entered  the  circle  at  No.  1,  with  a  course  of  north-northeast, 
which  was  soon  afler  changed  to  north  by  east ;  our  position  on  the 
diagram,  therefore,  became  successively  that  of  No.  2  and  No.  3. 
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Position  No.  1,  November  9th,  2  P.  M.  Wind  south-southwest; 
ship's  course  north-northeast,  which  was  changed  at  4  P.  M.  to  north 
by  east. 

No.  2,  at  6.30  P.  M.  Wind  south-southwest ;  ship's  course  north  by 
east ;  cloud-bank  to  northwest  (toward  the  centre  of  the  storm). 

No.  3,  at  8.20  P.  M.  Wind  south  by  west ;  ship's  course  north  by 
east ;  after  which  the  ship  was  hove  to,  head  eastward. 

No.  4,  9.20  P.  M.  Wind  south-southwest;  lowest  barometer; 
strongest  wind.     (Nearest  the  centre.) 

No.  5,  November  10th,  1  A.  M.  Wind  westward.  Weather  mod- 
erating. 

No.  6,  3  A.  M.    Wind  west-northwest. 
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4.  Results  of  a  Series  ot  Meteorological  Observations  hade 
AT  New  York  Acadehies  from  1826  to  1850.  By  Franklin 
B.  Hough,  of  Albany. 

Abstract. 

The  recommendation  of  this  Association  in  1851*  was  successful 
in  procuring  from  the  New  York  Legislature  an  appropriation  for  pub- 
lishing the  results  of  a  series  of  meteorological  observations  made  at 
sundry  Academies  under  the  direction  of  the  Regents  of  the  Univer* 
sity,  at  sixty-two  academies,  during  a  quarter  of  a  century,  and  an 
aggregate  period  of  773  years.  A  reference  of  my  paper  of  1851t 
will  give  a  synopsis  of  the  kind  and  extent  of  the  subjects  of  observa- 
tion, and  I  will,  on  this  occasion,  limit  myself  to  a  concise  statement 
of  the  leading  results  of  the  series  under  consideration. 

From  want  of  uniformity  in  the  returns,  the  records  of  periodical 
phenomena  could  not  be  satisfactorily  arranged  for  comparison ;  but  it 
may  be  stated  as  a  general  rule,  that  the  blossoming  of  plants  and 
other  harbingers  of  spring  occur  from  two  to  three  weeks  earlier  on 
Long  Island  than  in  the  northern  and  western  parts  of  the  State,  while 
in  the  latter  the  first  frosts  and  snows  indicating  the  approach  of  win- 
ter are  seen  nearly  a  month  sooner.  From  rapid  growth  in  the  colder 
sections,  the  harvest  of  spring  grain  occurs  at  nearly  the  same  time 
throughout  the  State. 

The  first  appearance  of  birds  of  passage  is  much  more  uniform,  the 
extreme  intervals  of  the  same  species  seldom  exceeding  a  week. 

The  mean  temperature  for  the  whole  time,  at  all  the  stations,]:  was 
46^.74,  distributed  through  the  several  months  as  follows :  — 


Months. 

Tint 

Second 

Whole 

MonthJ. 

lint 

Seoond 

Wh<^ 

HalU 

Half. 

Month. 

Half. 

BaiL 

MonOi. 

o 

o 

o 

o 

o 

0 

Jannarj, 

25.17 

24.19 

24.68 

July, 

69.12 

70.23 

69.67 

Febmary, 

21.68 

26.59 

24.11 

AUgVLSti 

69.94 

66.99 

68.46 

March, 

31.02 

35.86 

33.44 

September, 

62.14 

57.60 

59.87 

» 

43.06 

47.58 

46.30 

October, 

50.49 

46.05 

48.27 

53.37 

69.06 

56.21 

November, 

41.24 

34.11 

37.67 

Jime, 

63.72 

67.49 

65.60 

December, 

29.19 

26.30 

27.24 

*  See  Proceedings  of  ibis  Associatioxi,  1851,  p.  397. 
t  Ibid^  p.  168. 

X  Parts  of  years  were  uniformly  omitted  in  the  tabular  summaries,  as  tending  to 
produce  unequal  results. 
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The  following  table  shows  the  names  and  location  of  stations  at 
which  observations  were  made,  with  their  elevation  above  tide,  number 
of  years  reported,  and  the  extreme  and  mean  temperature  of  each. 


I  AoademlM  and  thtir  Locaticm. 

i    

lAlbany,  Albany  Co., 

'Amenia  Seminary,  Dutchess  Co., 

lAuburn,  Cayuga  Co., 

Bridgewater,  Oneida  Co., 

Buffalo,  Erie  Co., 

iCambridge,  Washington  Co., 

jCanajoharie,  Montgomery  Co., 

Canandaigua,  Ontario  Co., 

'Cayuga  (Aurora),  Cayuga  Co., 

iCherry  Valley,  Otsego  Co., 

IClinton  (East  Hampton),  Suffolk  Co., 

iCortland  (Homer),  Cortland  Co., 

^Delaware  (Delhi),  Delaware  Co., 

iDutcbess  (Ponghkcepsie),Dutches8  Co, 

Erasmus  Hall  (Fktbush),  King's  Co., 

PFairfield,  Herkimer  Co., 

■Farmers'  Hall  (Goshen),  Orange  Co., 

[Franklin  (Malone),  Franklin  Co., 

'Franklin  (Prattsburg),  Steuben  Co., 

Fredonia,  Chautauque  Co., 

Gaines,  Orleans  Co., 

Gouvemcur,  St.  Lawrence  Co., 

Granville,  Washington  Co., 

Greenville,  Greene  Co., 

Hamilton,  Madison  Co., 

Hartwick,  Otsego  Co., 

Hudson,  Columbia  Co., 

Ithaca,  Tompkins  Co., 

Johnstown,  Fulton  Co., 

Kinderhook,  Columbia  Co., 

Kingston,  Ulster  Co., 

Lansingbui^,  Rensselaer  Co., 

Lewiston,  Nia^ra  Co., 

Lowville,  Lewis  Co., 

Mexico,  Oswego  Co., 

Middleburv,  Wyoming  Co., 

Millville,  Orleans  Co., 

MonroQ  (Henrietta),  Monroe  Co., 

Montgomery,  Orange  Co., 

Mount  Pleasant,  Westchester  Co., 

Newburg,  Orange  Co., 

New  York  Institute  Deaf  and  Dumb, 

North  Salem,  Westchester  Co., 

Ogdensburg,  St.  Lawrence  Co., 

Oneida  Conference  Seminary  (Caze 
novia),  Madison  Co., 

Oneida  Institute  (Whitesborough),  On- 
eida Co., 

Onondaga  (Onondaga  Hollow),  Onon- 
daga Co., 
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Oxford,  Chenango  Co., 

Oyster  Bay,  Queen's  Co., 

Palmyra,  Wavne  Co., 

Flattsbnig,  Clinton  Co., 

Ponipey,  Onondaga  Co., 

Redhook,  Datchess  Co., 

Rochester,  Monroe  Co., 

St.  Lawrence  (Potsdam),  St  Lawrence 
Co., 

Schenectady,  Schenectady  Co., 

Springville,  Erie  Co., 

Syracuse,  Ononda^  Co., 

Union  Hall  (Jamaica),  Qneen's  Co., 

Union  Literary  Society  (Bellville),  Jef- 
ferson Co., 

Utica,  OneidA  Co., 

Washington  (Salem),  Washington  Co,' 
Mean, 


Month-  An- 
ly.      nu&l. 


A  comparison  of  the  temperature  of  the  several  months,  at  different 
stations,  shows  a  greater  uniformity  throughout  the  State  in  summer 
than  in  winter,  and  consequently  a  more  rapid  transition  of  tempera- 
ture in  spring  and  autumn.  • 

The  station  having  the  highest  annual  mean  was  at  Erasmus  Hall 
(Flatbush),  and  that  having  the  greatest  range  was  at  Gouvemeur. 
The  extreme  range  becomes  less  as  the  mean  becomes  higher.  The 
annual  extremes  of  seventeen  stations  which  were  less  than  100°  had, 
with  one  exception,  a  mean  above  that  of  the  State.  The  mean  tem- 
peratures of  the  last  half  of  April  and  October  are  nearly  equal  to  that 
of  the  year. 

The  well-known  influence  of  elevation  upon  temperature  is  strik- 
ingly shown  by  comparing  the  observations  of  stations  near  each  other, 
but  of  different  altitudes.  A  reference  to  the  foregoing  table  will 
show  a  difference  between  Onondaga  and  Pompey ;  Utica  and  Bridge- 
water  or  Fairfield;  Poughkeepsie  and  Amenia;  Newburg  and  Go- 
shen, &c.,  which  can  be  attributed  to  no  other  cause.  An  isothermal 
chart,  constructed  from  the  observed  surface  temperatures  of  places  of 
different  altitudes  would  therefore  exhibit  nodes  and  irregularities  in 
its  lines,  due  to  inequalities  of  surface,  which  could  not  be  underatood 
without  an  accompanying  section  of  the  country,  or  some  notation  for 
indicating  the  relative  altitude  of  different  places. 
20* 
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Other  influences  likewise  tend  to  produce  permanent  deviations  of 
temperature  from  that  due  to  geographical  position,  such  as  preTailing 
winds  from  local  peculiarities  of  surface,  the  vicinity  of  bodies  of 
water,  character  of  soil  with  reference  to  absorption  and  radiation  of 
heat,  <S^.  The  experience  of  the  series  under  consideration  shows 
that  too  much  care  cannot  be  taken  in  observing  and  reporting  the  va- 
rious local  causes  which  tend  to  modify  the  results  of  meteorological 
records. 

The  mean  direction  of  the  winds  for  the  whole  State  was  S.  80®  W. 
during  thirty  per  cent  of  the  time,  the  remainder  being  neutralized  by 
opposite  winds.  At  thirty-f6ur  stations  the  mean  was  south,  and  at 
twenty-eight,  north,  of  the  mean  of  the  whole  State.  One  of  the  most 
obvious  peculiarities  in  the  observation  upon  winds  is  the  influence  of 
local  valleys  in  the  vicinity  of  the  stations.  As  with  minor  exceptions 
the  prevailing  course  of  the  hills  and  valleys  of  New  York  is  north  and 
south,  it  is  highly  probable  that  the  true  prevailing  course  of  aerial 
currents  across,  the  State  is  nearer  west.  A  record  of  the  direction  of 
clouds  would  possess  much  more  scientific  value,  and  should  always 
form  a  part  of  a  well-conducted  series  of  observations. 

In  the  volume  under  consideration,  diagrams  were  used  to  illustrate 
the  eflect  of  local  causes  upon  winds,  which  at  the  same  time  indicated 
the  comparative  amount  of  the  several  winds. 

If,  in  the  annexed  figure,  the 
lines  ah,  he,  cd,  de,  ef,  fg,  gh, 
hi,  represent  in  direction  and 
length  all  the  winds  that  blow 
from  the  several  points  in  a  given 
month,  the  arrow  at,  will  repre- 
sent the  resultant 
of  the  winds,  and 

the  sum  of  the  broken  lines  ah,  he,  &c.,  to  i,  the  entire 
period  of  the  month.  It  is  evident  that  the  prevaleoce 
of  northerly 
and  south- 
erly winds, 
as  at  Kin- 
derhook, 
would  give 
the  figure  a  vertical  elongation  and  very  much  shorten 

wind  ftt  Einderhook. 


WindB  at  Utka. 
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the  resultant,  while  at  places  situated  like  Utica,  in  an  east  and  west 
valley,  the  elongation  would  be  horizontal,  and  the  resultant  increased 
in  quantity.  The  relative  prevalence  of  winds  may  also  be  shown, 
and  the  modifying  influences  of  local  causes  demonstrated,  by  laying 
off  from  a  central  point,  in  different  directions,  distances  proportioned 


Whole  State. 


AllwDy. 


Utlca. 


Kinderhook. 


St.  Lawrence. 


to  the  prevalence  of  winds  from  the  several  points,  and  connecting 
the  spaces  thus  laid  off  by  a  line,  as  shown  by  the  annexed  figures,  in 
which  the  final  results  of  the 
winds  of  the  whole  State,  and 
of  Albany,  Utica,  Kinder- 
hook,  and  St.  Lawrence  are 
delineated.  In  general,  the 
winds  in  the  State,  are  more 
northerly  in  the  first  half  of 
the  year,  and  more  southerly 
in  the  other  half,  than  the  an- 
nual average. 

The  aspect  of  sky  as  ob- 
served during  a  quarter  of  a  century,  indicates  a  prevalence  of  clear 
open  clouds  in  the  proportion  of  15^  to  14f ,  and  a  progressive  in- 
crease of  serene  sky  from  December  to  July,  from  which  it  declines 
to  December,  No  scale  of  cloudiness  was  used  in  these  observations, 
the  general  aspect  of  sky  in  the  forenoon  and  afternoon  being  entered 
daily. 

The  rain-gauge  records  show  that  more  rain  falls  in  the  maritime 
region  of  the  State,  and  in  the  valleys  of  the  Hudson,  Mohawk,  and 
Susquehanna  than  in  other  sections.  At  twenty-nine  stations  the 
mean  was  greater  than  that  of  the  whole  State  (34.9),  and  at  thirty 
stations  it  was  less.    The  greatest  depth  reported  was  at  New  York 
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(46.26),  and  the  least  at  Lewiston  (2  J23).  At  Bufllilo,  Gouvemenr, 
Monroe,  Ogdensburg,  and  Potsdam,  the  mean  was  below  28  inches, 
and  at  Albany,  Bridgewater,  Cambridge,  Cherry  Valley,  Delawan, 
Jamaica,  New  York,  North  Salem,  Oyster  Bay,  Schenectady,  and 
Utica,  it  was  over  40  inches.  The  most  rain  fell  in  summer  and  au- 
tumn ;  the  least  in  February  and  the  greatest  in  June.  From  May  to 
November  the  mean  was  above  that  of  the  year.  The  amount  of  rain 
falling  in  different  years  varies  considerably,  and,  reduced  to  monthly 
means,  was  as  follows :  — 


Above  or  be- 

AboTe  or  be- 

AboTO or  be- 

Tears. 

Mean. 

Mean. 

Tean. 

Mean. 

low  Genend 
Mean. 

Tean. 

Meaa. 

low  Oenenl 
Mean. 

1826 

2.72 

—0.19 

1835 

2.79 

—0.12 

1843 

3.03 

+0.12 

1827 

3.49 

+0.58 

1836 

2.78 

—0.13 

1844 

2.69 

— 0.22 

1828 

3.19 

+0.28 

1837 

2.99 

+0.08 

1845 

2.69 

—0  22 

1829 

2.76 

—0.15 

1838 

2.65 

—0.26 

1846 

2.83 

—0.08 

1830 

3.20 

+0.29 

1839 

2.64 

—0.27 

1847 

8.18 

+0  27 

1831 

3.15 

+0.24 

1840 

2.96 

+0.05 

1848 

3.28 

+0-37 

1832 

3.07 

+0.16 

1841 

2.66 

—0.25 

1849 

2.74 

—0.17 

1833 

3.03 

+0.12 

1842 

3.16 

+0.25 

1850 

3.63 

+0.72 

1834 

2.54 

—0.37 

1 

The  number  of  solar  haloes  observed  was  455 ;  of  lunar  haloes,  439; 
distributed  through  the  several  seasons  as  follows :  — 


Solar. 

Lnnar. 

Solar. 

hojaa 

Spring, 

196 

128 

Antamo, 

62 

93 

Summer, 

S7 

51 

Winter, 

110 

167 

Generally  complex  haloes  were  reported,  and  figures  of  the  more 
important  of  these  are  given. 

Auroras  were  observed  on  1,152  days  throughout  the  entire  period, 
as  follows :  — 


1826  2  1831  55 

1827  14  1832  24 

1828  21  1833  37 

1829  24  1834  85 

1830  80 


1835 

80 

1839 

57 

1843 

56 

1847 

46 

1836 

61 

1840 

78 

1844 

30 

1848 

73 

1837 

50 

1841 

73 

1845 

24 

1849 

73 

1838 

42 

1842 

35 

1846 

47 

1850 

90 

The  greatest  number  of  auroras  was  noticed  in  September,  their  dis- 
tribution through  the  several  months  bemg  as  follows :  — 


January 

76 

April 

125 

July 

100 

October 

no 

February 

86 

May 

83 

August 

122 

Kovember 

74 

March 

106 

June 

79 

Sq>tBmber 

131 

December 

60 
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A  list  of  stations  at  which  auroras  were  observed  beyond  the  limits 
of  the  State,  was  introduced  to  show  the  geographical  extent  of  some 
of  the  more  remarkable  ones.  Auroras  were  noticed  on  the  same 
days  in  this  State  and  in  Europe  on  160  occasions.  In  none  of  those 
seen  in  this  State  were  comparative  observations  made  with  the  view 
of  determining  the  altitude  of  the  aurora. 


5.  On  the  Peculiae  Appeaeance  op  the  Atmospheee  on  the 
23d  op  May,  1856,  at  St.  Martin's,  Isle  Jesus,  Canada  East. 
Latitude  45°  32'  north,  Longitude  73**  36'  west  from  Greenwich, 
118  feet  above  the  level  of  the  Sea.  By  Chaeles  Smallwood, 
M.  D.,  of  Toronto. 

At  noon,  on  Friday,  the  23d  of  May,  the  southwestern  horizon  was 
covered  with  a  rather  dense  haze,  but  of  a  very  low  altitude.  The 
zenith  and  eastern  horizon  were  cloudless,  and  it  was  not  till  the  two 
o'clock  observation  (one  of  the  usual  hours  for  observation  at  this  Ob- 
servatory) that  any  particular  attention  was  directed  to  it.  The  two 
o'clock  observation  is  thus  recorded. 

Barometer^  29.604  inches.  Thermometer,  78**.9.  Dew-point,  62**.0. 
Elastic  force  of  aqueous  vapor,  .559:  Humidity,  .56.  Wind  southwest. 
Meeui  velocity  8.21  miles  per  hour.  Sky  cloudless,  a  peculiar  haze 
in  southwest  and  west-southwest,  commencing  at  the  horizon  and  ris- 
ing to  an  altitude  of  12**.     Electrometers  indicate  very  feeble  intensity. 

3  P.  M.,  Thermometer  indicated  a  temperature  of  83°.4.  Barom- 
eter  falling.  Wind  southwest  by  west,  16  miles  per  hour.  At  this  time 
the  haze  which  had  been  observed  at  noon  had  increased  in  density, 
and  had  now  attained  a  greater  altitude,  and  in  some  measure  ob- 
scured the  sun's  rays,  giving  to  the  sun  itself  a  ruddy  color.  At  4 
P.  M.  the  obscuration  was  more  dense,  the  heat  was  very  oppressive, 
and  at  6  P.  M.  the  obscuration  had  so  much  increased  as  to  completely 
hide  the  sun  from  view.  There  was  no  distinct  form  of  clouds  pres- 
ent, but  there  appeared  a  uniform  dense  haze. 

At  6.15  the  following  were  the  observations  recorded.  The  horizon 
in  north-northeast,  and  extending  to  east-southeast,  perfectly  cloudless ; 
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from  an  altitude  of  nearly  3^  there  was  a  peculiar  yellow  appearance  in 
that  part  of  the  heavens  to  the  visible  horizon.  From  this  altitude  ni 
about  3^  hung,  as  it  were  a  curtain,  this  dense  mass  of  hazy  matter,  of 
a  dull  reddish  or  coppery  hue,  stretching  out  at  rather  a  low  elevatioD, 
completely  obscuring  the  zenith,  the  southwestern  and  northwesten 
horizon.  The  sun  was  still  completely  obscured  and  invisible;  the 
barometer  now  stood  at  29.578  inches ;  the  ihermomeUr  indicated  a 
temperature  of  73^.1.  The  wind,  which  at  3  P.  M.  was  blowing  16 
miles  an  hour  from  the  southwest  by  west,  had  gradually  decreased  in 
velocity,  and  was  now  lulled  into  a  gentle  calm.. 

At  6.20  P.  M.,  which  is  recorded  here  as  being  about  the  time  of 
the  greatest  obscurity,  the  fowls  had  retired  to  roost,  the  frogs  bad 
begun  their  croak,  the  cows  had  of  their  own  accord  left  their*pasture  ; 
the  green  fields  exhibited  a  peculiar  dark-green  or  bluish  hue,  which 
contrasted  very  strongly  with  the  eastern  horizon,  which  was  still 
clear,  presenting  a  bright  light  of  a  yellow  tinge.  From  about  6  P.  M. 
until  dark,  I  was  occupied,  with  my  son,  in  catching  leaves  and 
ashes  which  were  carried  by  the  wind.  The  leaves  were  of  exoge- 
nous plants  of  the  class  Cupuliferse  and  Acerinese  (mostly  beech  and 
maple).  They  appeared  scorched  and  blistered,  as  if  caused  by  great 
heat  The  ashes  continued  falling  most  part  of  the  night,  at  least  till 
about  2.20  A.  M.  of  the  24th,  when  the  wind  veered  by  the  north  to 
due  east.  On  submitting  these  ashes  to  examination,  I  found  they  con- 
sisted of  silicious  (flinty)  matter,  leaving  a  permanent  mark  on  glass. 
They  were  also  mixed  up  with  light  vegetable  matter.  From  the  size 
of  the  leaves,  I  presumed  they  were  not  of  this  year's  foliation,  and 
this  was  verified  upon  further  examination ;  and  this  may  account  in 
some  measure  for  the  distance  they  were  carried,  and  no  doubt  aided 
by  the  dense  medium  by  which  they  were  surrounded,  or  in  which 
they  floated.  They  were  all  caught  before  reaching  the  ground,  so 
that  no  error  could  possibly  occur. 

I  shall  now  give  a  report  of  the  appearances  as  they  occurred  at 
Bytown.    The  newspaper  says :  — 

**  On  Friday  afternoon  last,  the  wind  brought  up,  apparently  from 
the  rear  of  the  Gatineau  Mountains,  opposite  this  city,  d  vast  cloud, 
which  gradually  rose  to  the  zenith,  and  finally  spread  over  the  whole 
face  of  the  heavens.  A  more  extraordinary  appearance  we  never 
saw.     The  cloud  itself,  particularly  towards  the  zenith,  was  of  a  lurid 
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copper  color,  while  towards  the  quarter  from  which  the  wind  came 
there  was  a  large  spot  of  lighter  color,  absolutely  fiery,  very  like  what 
sailors  call  the  ^ox-eye,'  which  is  seen  amidst  the  masses  of  dark 
clouds  which  prelude  a  hurricane  on  the  west  coasts  of  Africa.  It  is 
no  exaggeration  to  say,  that  the  scene  was  a  most  awful  one,  and  every 
one  expected  a  tremendous  outbreak  of  the  powers  of  nature  ;  some 
predicted  an  awful  thunder-storm  ;  others  a  hurricane  of  wind  and  del- 
uge of  rain';  but  nothing  came  of  it;  the  clouds  gradually  passed 
away,  and  the  evening  was  fine.  During  the  continuance  of  this 
dense  cloud,  a  few  ashes  and  some  burnt  leaves  fell  in  the  streets  in 
various  places,  and  our  own  opinion  is,  that  all  this  most  remarkable 
appearance  was  the  result  of  an  enormous  fire  in  the  forest,  far  up  on 
the  southern  slope  of  the  range  of  mountains  which  terminate  on  the 
Saguenay,  passing  behind  Three  Rivers  and  Quebec.  If  it  be  so,  the 
conflagration  must  have  been  of  an  astounding  character  to  have  pro- 
duced such  results  here,  and  it  is  evident  that  the  scene  of  the  fire 
must  have  been  far  off,  and  probably  in  a  tract  of  land  where  none  but 
the  red  man  puts  his  foot,  for  we  have  heard  of  no  fire  anywhere  near 
civilized  settlements  in  that  direction. 

"  On  the  next  morning,  Saturday,  we  experienced  a  heavy  thunder- 
storm, with  rain,  and  in  the  afternoon  there  was  a  little  thunder,  with 
showers.  The  heavy  rain  of  Saturday  must  have  swelled  the  tribu- 
tary streams,  and  so  will  aid  the  timber-driving." 

'^  Since  the  publication  of  our  paper,  this  morning,  we  have  received 
a  communication  from  Pembroke,  the  substance  of  which  we  commu- 
nicate to  our  readers  in  the  form  of  an  extra.  T^e  extraordinary  phe- 
nomenon of  Friday,  alluded  to  in  our  columns  of  to-day,  is  now  fully 
accounted  for ;  but  we  must  confess  ourselves  at  a  loss  to  understand 
how  a  vast  cloud  of  smoke  arising  from  a  fire  above  Pembroke,  could 
make  its  first  appearance  here  from  behind  the  mountains  which  skirt 
the  township  of  Hull.  We  can  only  account  for  it  by  applying  Reid's 
theory  of  storm,  that  the  wind  blows  in  circles,  and  that  the  storm 
of  wind  which  brought  the  great  cloud  past  this  city  must  have  cir- 
cled to  the  westward  from  Pembroke.  We  may  be  talking  nonsense, 
for  we  pretend  to  no  accurate  acquaintance  with  meteorology,  but  in 
our  simplicity  can  account  for  the  phenomenon  in  no  other  way.  Our 
correspondent  says  that  a  great  fire  broke  out  in  the  woods  near  Pem- 
broke on  Friday,  that  many  farmers  were  burnt  out,  and  that  nothing 
was  expected  but  the  destruction  of  the  whole  town.    The  wind  fortu- 
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nately  changed,  but  all  the  inhabitants  had  everything  ready  to  take  to 
the  river  as  their  only  chance  of  safety. 

"  On  the  Petewawee  River,  ten  iriiles  from  Pembroke,  the  women 
and  children  had  to  take  to  the  river  to  save  their  lives  ;  two  or  three 
saw-mills,  a  tavern,  and  all  the  houses  in  the  settlement,  are  destroyed. 
In  Pembroke,  at  two  o'clock  on  Friday,  nothing  could  be  seen  but 
sheets  of  flame,  which  appeared  to  surround  the  place  ;  the  sun  was 
as  red  as  blood,  and  the  whole  sky  seemed  in  a  blaze  ;  the  scene  was 
so  frightful  that  many  people  believed,  in  their  terror,  that  the  Last  Day 
was  at  hand.  No  one  thought  of  saving  any  of  their  possessions ;  the 
only  thought  was  to  escape  by  getting  into  the  river.  About  eight 
o'clock  at  night  the  wind,  which  had  been  blowing  straight  for  Pem- 
broke, calmed  down,  and  the  town  was  saved.  At  four  in  the  after- 
noon the  smoke  was  so  dense  that  the  people  were  almost  on  the  point 
of  suffocation,  and  it  was  so  dark  that  no  one  could  see  across  the 
street.  All  describe  the  scene  as  a  most  frightful  one.  We  have 
heard  of  thirty  families  burnt  out,  and  who  narrowly  escaped  with 
their  lives.  Our  correspondent  says,  that  the  sound  of  the  roaring 
flames  actually  shook  the  ground,  and  the  noise  of  the  falling  trees 
was  like  the  rattling  of  a  line  of  heavy  wagons  over  a  corduroy  road ; 
the  country  about  is  half  ruined,  and  a  number  of  bridges  have  been 
burned.     We  are  promised  further  particulars.?' 

Such  were  the  appearances  within  60  miles  of  the  conflagration, 
and  the  distance  from  Pembroke  to  St.  Martin's  is  not  less  than  200 
miles.  Burnt  leaves  and  ashes  were  picked  up  in  Montreal,  and 
the  amount  of  ashes  ^n  this  neighborhood  was  very  considerable. 

The  peculiar  appearance  of  the  atmosphere  at  this  place  was  caused 
no  doubt  by  the  interception  of  the  solar  rays  by  dense  haze,  con- 
sisting of  smoke  and  vapor.  The  white  light  was  absorbed,  giving 
rise  to  the  predominant  yellow  ray.  The  green  fields  were  of  a  blu- 
ish tint.  It  would  seem  that  it  was  only  the  light  ray  that  was  inter- 
cepted. The  calorific  ray  does  not  seem  to  have  at  all  absorbed,  for 
there  was  no  fall  of  the  thermometer ;  in  fact,  the  heat  was  oppressive. 
The  chemical  or  actinic  ray  seems  also  to  have  retained  its  action, 
for  chromatype  paper  exposed  was  easily  acted  upon,  as  was  also  pa- 
per wetted  with  the  solution  of  nitrate  of  silver.  I  had  no  opportunity 
of  examination  with  the  polariscope ;  the  prismatic  spectrum  was  defi- 
cient in  the  yellow  ray.  I  may  remark,  that  a  very  violent  storm  of 
thunder  and  lightning  occurred  on  the  following  morning. 
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NATURAL  HISTORY. 


I.    GEOLOGY   AND    GEOGRAPHY. 

1.  Plan  of  Development  in  the  Geological  History  op 
N.ORTH  America.  —  With  a  Map.  By  Professor  James  D. 
Dana,  of  New  Haven. 

On  other  occasions,  I  have  discussed  at  some  length,  the  outline  and 
surface  features  of  the  continents,  the  parallel  courses  of  island  groups, 
and  the  relations  between  the  structure  of  the  continental  borders  and 
the  extent  of  the  adjoining  oceans ;  and  I  have  endeavored  in  connec- 
tion to  elucidate  the  great  principle  of  geological  dynamics,  which  is  at 
the  basis  of  these  characteristics  of  our  globe.*  I  propose  at  this  time 
to  point  out  the  relations  between  the  operations  of  this  principle  or 
agency  and  the  special  geological  history  of  the  North  American  con- 
tinent. 

To  render  this  application  of  the  subject  intelligible,  it  is  necessary 
to  review  briefly  the  fundamental  facts  just  alluded  to.  For  this  pur- 
pose^  I  would  direct  attention  to  a  Mercator*s  Chart  of  the  World  (see 
plate),  on  which  the  whole  is  open  to  examination,  —  such  a  chart  being 
a  miniature  representation  of  the  facts  themselves,  and  the  order  ob- 
served among  its  parts,  the  syllables  which  spell  out  the  principles. 


*  Am.  Jour.  Sci.,  [2],  ii.  335,  852,  iii.  94,  176,  381,  iv.  88;  Report,  GeoL  Expl. 
Exped.,  756  pp.  4to.,  1849,  pp.  11,  414,  429 ;  Proceedings  Amer.  Assoc,  vol.  ix. 
Pnmdence  Meeting,  1855. 

(1) 
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In  the  first  place,  note  the  two  great  oceans,  the  Atlantic  and  the 
Pacific,  —  both  widening  south,  and  coalescing  in  a  vast  ring  of  oceaa 
around  the  south  pole,  while  narrowing  north  and  uniting  in  a  small 
arctic  sea.  The  Indian  Ocean  is  a  third  north  and  south  ocean ;  bat  it 
reaches  north  only  a  little  ways  beyond  the  equator. 

As  the  Atlantic  is  less  than  half  the  breadth  of  the  Pacific,  so  the 
American  continent  is  less  than  half  the  breadth  of  the  great  Orient, 
including  Europe,  Asia,  and  Africa.  It  is  seen  also  that  while  the 
North  Atlantic  trends  off  to  the  north-east,  and  the  whole  Atlantic  is  a 
zigzag  channel  with  a  main  north-east  course,  the  Pacific  is  a  north-^veti 
channel,  its  longest  diameter  (represented  by  the  line  M  M),  being  at 
right  angles  nearly  with  the  trend  of  the  Atlantic  (N  N).  This  longest 
diameter,  moreover,  corresponds  with  the  general  trend  of  the  Pacific 
islands ;  for  these  islands  have  a  nearly  parallel  course  all  through  the 
ocean,  the  New  Hebrides,  KingsmQls,  Samoan,  Tahitian,  Marquesas, 
and  Sandwich  islands,  lying  in  approximately  parallel  lines.*     In  the 


*  I  may  here  add,  what  I  hare  elsewhere  explained  at  length,  that  the  trends  of 
the  Pacific,  while  having  a  general  correspondence  of  direction,  pertain  to  two  srs- 
tems,  one  the  Central  Facii^c,  the  other  the  Australasian.  The  Central  Padfie 
begins  in  the  Paumota  Archipelago,  or  rather  still  further  east,  in  Easter  Island  aod 
Gomez ;  is  thence  continued  on  a  west-north-west  course,  by  the  Society  Islands,  and 
the  Herrey  Islands  more  south ;  thence  by  the  Samoan  and  Fakaafo  groups ;  thence 
more  north-westerly  by  the  Yaitupu  and  Kingsmills,  to  the  Radack  and  Balidc 
groups,  which  run  nearly  north-north-west ;  making  thus  a  great  sweeping  cnrre,  of 
several  strands,  over  6,000  miles  long.  The  Sandwich  or  Hawaian  islands  on  the 
north  side  of  the  equator  (2,000  miles  in  whole  length)  is  the  opposite  or  northern 
side  of  the  same  system,  slightly  curving  with  the  convexity  to  the  north :  while  the 
Jiarquesas  and  the  Fanning  or  Washington  group  lie  along  the  axis  of  this  great 
Central  Pacific  area.  The  other  system  is  concentric  around  Australia,  (New  Hol- 
land). The  line  of  New  Hebrides,  near  north-west  in  course,  is  continaed  in  the 
Salomon  Islands,  and  New  Ireland,  becoming  gradually  east  and  west  in  the  Admi- 
ralty Islands,  north  of  New  Guinea.  The  line  of  New  Caledonia,  another  earring 
.strand  in  the  system,  is  continued  in  the  Louisiade  group  and  New  Guinea,  and 
becomes  east  and  west  in  western  New  Guinea.  The  foot  of  the  New  Zealand  boot, 
and  the  Coral  Archipelago  between  New  Caledonia  and  Australia,  accord  with  liie 
system.  The  position  of  these  lines  concentric  around  Australia  corresponds  with  the 
idea  that  the  position  and  extent  of  this  continent  has  had  some  influence  in  deter- 
mining the  directions. 

These  two  systems,  the  Central  Padfie  and  Australasian,  though  so  distinct,  are 
yet  bound  together  in  one.    For  while  the  great  central  range  has  its  main  oonne 
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body  of  New  Zealand,  however,  aod  some  other  parts,  the  transverse 
trend  of  Eastern  America  is  represented. 

Now  what  is  the  relation  between  the  borders  of  the  continents  as  to 
features  and  structure,  and  the  extent  of  the  oceans  ? 

1.  Look  first  to  North  America.  Observe  the  general  direction  of 
the  coast  conforming  to  the  prevalent  trends  of  the  globe,  the  north- 
east and  north-west,  and  thus  giving  it  its  triangular  form.  See  the 
low  Appalachians  facing  the  small  Atlantic,  the  lofty  Rocky  Mountains, 
mostly  a  double  line  of  heights,  facing  the  broad  Pacific,  besides  a  sec- 
ond towering  range,  the  Cascade  and  Sierra  Nevada,  nearer  the  sea. 
May  we  not  say.  As  the  height  of  the  Appalachians  to  the  size  of  the 
Atlantic,  so  is  the  height  or  extent  of  the  Rocky  range  to  the  size  of  the 
Pacific  f 

In  South  America,  there  is  the  same  relation,  —  the  low  Brazilian 
mountains  on  the  Atlantic  side,  the  lofty  Andes  on  the  Pacific,  and  the 
latter  exceeding  the  Rocky  Mountains  as  much  as  the  South  Pacific 
exceeds  the  North  Pacific ;  so  that  we  may  make  another  proportion. 
As  the  height  of  the  Rochy  Mountains  to  the  North  Pacific^  so  is  the 
height  and  boldness  of  the  Andes  to  the  South  Pacific. 

In  the  Orient,  the  mountains  towards  the  Atlantic,  or  those  of  Eu- 
rope, are  low  and  limited,  compared  with  the  long  and  lofty  ranges  of 
the  Pacific  side;  and  these  last  are  inferior  to  the  Himalayas,  the 
sublimest  heights  of  the  world,  which  face  the  Indian  Ocean,  —  a  large 
and  open  ocean,  while  the  Pacific  towards  Asia  is  much  encumbered 
by  islands. 

In  Africa,  the  loftiest  and  longest  mountains  are  those  of  Abyssinia, 
on  the  east,  facing  the  Indian  Ocean,  some  of  whose  ridges  are  eleven 
to  fourteen  thousand  feet  in  height,  and  one  peak  near  the  equator  is 
20,000  feet.  In  Australia,  the  Australian  Alps,  as  they  are  called,  are 
on  the  east  fronting  the  Pacific,  here  the  wider  of  the  bordering  oceans. 


along  the  EingBmills  and  Kadack  groups,  it  sends  off  at  the  Kingsmills,  a  western 
branch,  the  Carolines,  which  is  actually  parallel  with  the  lines  of  the  Anstrahuiaa 
system. 

The  transverse  trend  of  New  Zealand,  which  is  continued  in  the  Friendly  Islands 
north,  is  the  correlate  of  the  north-western,  the  two  having  a  mutual  dependence, 
and  together  distinguishable  in  many  groups  of  islands  as  well  as  in  the  features  o 
the  continents. 
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Thu8  all  over  the  world,  the  highest  mountains  stand  fronting  the 
largest  and  deepest  oceans ;  and  the  ^  rule  of  three  "  statement  of  the 
fact  scarcely  conveys  a  wrong  impression. 

2.  We  observe  further  that  the  coasts  are  in  general  so  turned  as  to 
face  the  wide^  range  of  ocean.  The  Appalachians  with  the  neighborii^ 
coast  do  not  face  north-east  towards  the  European  continent,  but  souths 
east,  towards  the  great  opening  of  the  Atlantic  between  America  and 
Africa.  So  on  the  west  side  of  North  America  the  Pacific  coast  &ce8y 
not  towards  Asia,  but  south-west,  where  the  broadest  range  of  ocean  is 
before  it 

8.  Consider  now  a  little  more  closely  the  structure  of  these  ocean 
borders.     How  is  it  as  to  the  effects  of  heat  or  volcanic  action  ? 

In  North  America,  on  the  side  of  the  small  ocean,  the  Atlantic,  we 
find  metamorphic  rocks,  some  trap  dykes,  and  a  few  tepid  springs.  On 
the  side  of  the  great  ocean,  the  Pacific,  all  these  phenomena  occur,  and 
besides,  some  of  the  grandest  volcanoes  of  the  globe,  while  basaltic 
floods  have  buried  out  of  sight  almost  all  other  rocks  over  a  consider- 
able part  of  the  country.  Mount  St  Helens,  Mount  Hood,  Mount 
Shasta,  and  many  others,  twelve  to  eighteen  thousand  feet  high,  make 
a  majestic  file  of  fire  mountains  not  yet  wholly  extinct  May  we  not 
then  say,  As  the  size  of  the  Atlantic  to  the  action  ofheai  on  the  Atlantic, 
border y  so  is  the  size  of  the  Pacific  to  the  action  of  heat  on  the  Pacific 
border  f 

In  South  America,  there  is  a  direct  repetition  of  the  same  facts  on  a 
still  grander  scale :  the  Brazilian  side,  with  metamorphic  rocks  and  no 
volcanoes ;  the  Pacific  side,  with  volcanic  heights  of  20,000  feet  and 
upward. 

In  the  Orient,  there  are  some  small  volcanic  operations  cm  the  Air 
lantic  side;  but  an  unnumbered  host  down  through  Kamtschatka, 
Japan,  and  the  islands  south  on  the  Pacific  side. 

In  Africa,  there  are  great  volcanoes  in  the  Red  Sea  and  the  lofty 
Abyssinian  mountains,  and  only  a  few  on  the  east,  in  the  Gulf  of  Guinea, 
where,  in  fact,  the  continent  opens  on  the  Southern  Ocean  and  not 
simply  on  the  narrow  Atlantic ;  the  volcanoes  are  at  the  junction  of  the 
two  lines,  in  or  near  the  Bight  of  Biafra. 

4.  Again,  these  effects  of  heat  are  confined  mostly  to  the  region 
between  the  crest  of  the  border  mountains  and  the  ocean,  and  are  most 
intense  towards  the  coast  line.     Thus  the  crystallization  or  metamor- 
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phism  of  Eastern  North  America,  from  Labrador  to  Georgia,  is  strongly 
marked  towards  the  ocean,  and  diminishes  going  westward.  So  on  the 
Pacific  side :  the  great  volcanoes  are  not  on  the  east  or  landward  side 
of  the  crest,  for  there  is  not  a  volcano  on  that  side,  but  on  the  seaward 
side,  and  not  very  far  from  the  ocean.  Thus  we  may  almost  say,  The 
nearer  the  watery  the  hotter  the  fire. 

5.  Again,  the  mountains  that  make  the  borders,  consist  as  is  now 
well  known  since  the  surveys  of  the  Professors  Rogers,  of  rocks  that 
have  been  pressed  up  out  of  place  into  a  series  of  immense  folds,  like 
the  folds  we  may  make  in  paper  by  pressing  laterally ;  only  the  rocky 
folds  are  many  miles  in  range  and  of  mountain  height ;  and  these  folds 
or  plications  and  displacements  are  most  numerous  towards  the  ocean, 
and  are  parallel  nearly  to  the  ocean.  Hence  again.  The  nearer  the 
water y  the  vaster  the  plications  of  the  rocks. 

6.  Over  the  interior  of  North  America,  there  are  not  only  no  vol- 
canoes, but  there  never  have  been  any  since  the  earlier  Silurian,  as 
shown  by  the  absence  of  their  remains  among  the  strata ;  and  this  is  so, 
notwithstanding  the  abundance  of  salt  water  over  the  regions  in  those 
ancient  times.  Over  the  interior  of  Asia  there  are  no  volcanoes,  as  is 
well  known,  except  the  three  or  four  in  the  Thian-Chan  Mountains. 
The  great  volcanic  belt  of  the  Orient  stands  out  a  short  distance  from 
the  water-line  of  Asia,  in  the  Japan  range  of  islands,  thus  directly  edg- 
ing the  oceanic  basin ;  for  the  intervening  region  of  shallow  waters  is 
properly  a  submerged  part  of  the  continent 

7.  In  contrast  with  this  non-volcanic  character  of  the  interior  of  the 
continents,  the  islands  of  the  oceans,  it  should  be  remembered,  are  all 
volcanic  where  not  coral,  and  those  of  coral  probably  rest  on  a  volcanic 
basis.  Dhawalagiri,  in  the  Himalayas,  28,000  feet  high,  is  granitic ; 
and  surely  we  might  have  looked  for  some  granitic  peaks  among  the 
central  islands  of  the  oceans :  but  there  are  none. 

At  the  same  time,  as  others  have  remarked,  the  transverse  seas  which 
divide  the  Northern  and  Southern  continents,  the  East  Indies,  the  Med- 
iterranean, and  West  Indies,  are  characterized  by  volcanoes. 

If)  then,  the  typical  form  of  a  continent  is  a  trough  or  basin,  the 
oceanic  borders  being  raised  into  mountains ;  if  these  borders  are  so 
turned  as  to  face  the  widest  range  of  ocean ;  if  the  height  of  these  bor- 
der mountains  and  the  extent  of  igneous  action  along  them  is  directly 
proportioned  to  the  size  of  the  oceans,  —  the  Pacific,  accordingly,  being 
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There  mast  be  system  in  the  intimate  structure  of  the  crust.  For 
if  it  was  once  fluid,  and  is  now  one  or  two  scores  of  miles  thick,  all  this 
thickness  beyond  that  of  the  first  film  has  been  produced  through 
gradual,  exceedingly  gradual  and  prolonged  cooling,  adding,  by  down- 
ward increase,  to  the  solid  surface  arch  :  and  if  ice  over  a  pond  when 
thickening  in  this  same  way  by  additions  downward  to  the  surface  film 
takes  a  crystalline  texture  perpendicular  to  this  film,  as  has  been 
proved,  we  may  safely  infer  that  the  crystallization  of  the  earth's  crust 
as  It  slowly  thickened  would  have  taken  a  regular  structure,  and  the 
more  surely  since  we  know  that  the  mineral  feldspar,  which  gives  a 
cleavage  structure  to  granite,  is  the  prevailing  mineral  in  all  igneous 
rocks.  Thus  we  approach  some  explanation  of  the  prevalence  of  two 
great  systems  of  trends  in  the  features  of  the  globe.  But  this  subject 
we  pass  by,  to  the  one  which  more  immediately  concerns  us, — the  sur- 
face features  of  the  continents. 

The  contraction  to  which  I  have  alluded,  going  on  after  a  crust  was 
formed  over  the  earth,  would  necessarily  fracture,  displace,  or  wrinkle 
the  crust,  as  the  same  cause,  contraction,  wrinkles  a  drying  apple. 
The  large  rind  is  more  than  sufficient  for  the  contracted  sphere ;  and 
the  drawing  downward  of  some  parts  must  cause  the  bulging  of  others. 
If  any  large  areas  of  the  crust  were  sinking  more  than  the  rest,  this 
very  subsidence  would  necessarily  push  up  the  borders  of  these  areas 
into  angular  elevations  or  folds ;  and  it  follows  necessarily,  —  the  larger 
these  areas  the  higher  the  border  elevations. 

These  are  the  simple  principles.  The  oceanic  basins  are  these  areas 
of  greatest  subsidence;  and  hence  would  necessarily  fiow  the  law, 
already  established  as  a  matter  of  fact  —  die  larger  the  ocean,  the 
higher  the  mountains  on  its' borders,  the  deeper  the  fractures  and  dis- 
placements there,  and  the  vaster  the  outflow  of  internal  heat  and  lavas. 
The  size,  therefore,  of  the  oceans,  that  is,  their  extent  and  depth,  is 
relatively  a  measure  of  the  force  exerted  on  their  sides. 

The  w^rinkles  or  elevations  on  the  globe  seem  large  when  man 
measures  them  by  comparison  with  his  own  stature.  But  a  section  of 
the  land,  true  to  nature,  corrects  this  misapprehension.  In  a  sectioa 
of  the  North  American  continent,  drawn  to  a  scale  twelve  feet  lon^ 
one  ninth  of  an  inch  will  stand  for  an  altitude  of  10,000  feet ;  one  six* 
teenth  of  an  inch  for  the  White  Mountains,  and  about  three  tenths  for 
the  Himalayas. 
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this  review  of  principles,  let  us  now  tarn  our  attention  to 

-^,1  jnerica  and  seek  out  its  plan  of  development. 

'e  triangular  form  of  the  continent  has  been  noted  and  its  sim- 

;  1  boundarj :  and  it  should  be  observed  that  the  continent  is 

to  the  west  of  South  America,  so  as  to  possess  this  simplicity 

jLTj  and  therefore  of  moulding  forces  in  its  highest  perfection.* 

11  Atlantic  on  one  side,  and  the  great  Pacific  on  the  other,  in* 

•proximately  the  relative  amounts  of  force  from  the  two  direc- 

south-east  and  south-west,  during  the  progressive  ages  of  the 

—  that  to  the  eastward  the  power  was  comparatively  moderate, 

••'  Iding  up  the  Appalachians,  and  to  the  westward  it  was  strong 

-  ^ty,  even  to  the  raising  of  the  Rocky  range  and  opening  the 

canoes  of  Oregon^    We  thus  learn,  with  a  degree  of  precision 

^tive  been  anticipated,  the  direction  and  efficiency  of  the  great 

ig  forces. 

3  now  at  American  geological  history  from  this  point  of  view, 
^der  where  was  the  first  germinant  spot  of  the  growing  conti- 
[  what  was  thenee  onward  the  course  of  development  under 
nee  of  this  agency. 

irliest  spot  or  primal  area  will  be  that  of  the  Azoic  rocks,  the 
le  geological  series.  Such  an  area  (see  Chart,  AAA)  extends 
them  New  York  and  Canada,  north-west  to  the  Arctic  Ocean, 
ween  the  line  of  small  lakes  (Slave,  Winnipeg,  etc.)  and 
)ay.  East  and  west,  it  dips  under  Silurian  strata  (S  S)  ;  but 
f  free  from  superincumbent  beds,  and  therefore,  even  in  the 
age,  it  must  have  been  above  the  ocean.  And  ever  since,  al- 
jbject,  like  the  rest  of  the  world,  to  great  oscillations,  it  has 
y  held  its  place  with  wonderful  stability,  for  it  is  now,  as 
then,  not  far  above  the  ocean's  level. 

.rea  is  central  to  the  continent ;  and,  what  is  of  prominent  in-> 
lies  parallel  to  the  Rocky  Mountains  and  the  Pacific  border, 
ing  that  the  greater  force  came  from  that  direction  in  Azoic 
well  as  when  the  Rocky  Mountains  were  raised.  Thus  this 
,  the  germ  or  nucleus  of  the  future  continent,  bears  in  itself 


>ntra8t  with  Enrope  in  this  respect  is  striking,  and  accoants,  as  I  have 
^ess,  &c.,  Proc.  Amer.  Assoc,  vol.  ix.  p.  10, 30,)  for  the  greater  simplicity 
.merican  Geology. 
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evidence  with  respect  to  the  direction  and  strength  of  the  forces  at 
work.  The  force  coming  from  the  Atlantic  direction  has  left  compara- 
tively small  traces  of  its  action  at  that  time.  Yet  it  has  made  its  maik 
in  the  Azoic  stretching  through  Canada  to  Labrador,  in  the  dip  and 
strike  of  the  New  York  Azoic  rocks,  in  the  direction  of  the  channel 
of  the  St.  Lawrence  and  the  north-west  coast  of  Lake  Superior,  as 
well  as  the  bearings  of  the  Azoic  of  Missouri  and  Arkansas,  and 
probably  also  in  the  triangular  form  of  Hudson's  Bay.  Against  this 
primal  area,  as  a  stand-point,  the  uplifting  agency  operated,  acting  from 
the  two  directions,  the  Atlantic  and  the  Pacific ;  and  the  evolution  of 
the  continent  took  place  through  the  consequent  vibrations  of  the  crust, 
and  the  additions  to  this  area  thereby  resulting ;  the  ocean  in  the  mean 
time  pursuing  its  appointed  functions  in  the  plan  of  development,  by 
wearing  exposed  rocks  and  strewing  the  shores  and  submerged  saHace 
with  sand,  gravel,  or  clay,  or  else  growing  shells,  corals,  and  crinoids, 
and  thus  storing  up  the  material  of  strata  and  burying  the  life  of  suc- 
cessive epochs. 

These  long  secular  vibrations,  movements  by  the  age  rather  than 
day,  dipping  the  surface  and  raising  it  again  in  many  and  varying  soc- 
cessions,  were  absolutely  essential  to  the  progress.  Had  the  continent 
been  stable,  there  could  have  been  no  history,  no  recorded  events  of 
changing  life  and  alternating  deposits :  all  would  have  been  only  a 
blank  past.  These  forces,  therefore,  working  mainly  from  the  south- 
east and  south-west,  were  actually  organizing  forces,  essential  to  the 
completion  of  the  continent,  —  to  the  production  of  its  alternations  of 
limestones,  shales,  sandstones,  and  conglomerates,  and  its  sweeping 
catastrophes  burying  the  old,  preparatory  for  higher,  forms  of  life; — the 
continent  in  the  course  of  these  movements,  being  at  one  time,  it  may 
be,  just  beneath  the  ocean's  surface,  and  having  beds  of  sand  and  gravel 
accumulating  under  the  action  of  the  waves ;  then  in  somewhat  deeper 
and  clearer  waters,  with  limestones  forming  from  coral  or  crinoidal 
plantations  or  the  growth  of  shells;  then,  perhaps,  rising  from  the 
waves,  bringing  death  upon  its  sea  tribes  in  one  universal  desolation ; 
then,  sinking  slowly  in  the  waters  again,  and  varying  in  its  accumula- 
tions from  sandstones  to  shales,  pebble  beds  or  limestones,  with  the 
depth  and  the  currents;  and  then  again  above  the  tides,  although 
destruction  to  all  the  life  of  the  ocean  was  in  the  movement ;  and,  per- 
chance, lying  in  the  open  air  for  an  era,  to  receive  the  mists  and  rains 
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and  sunshine,  and  become  luxuriant  through  new  creations  with  broader 
prairies  than  now  cover  the  West.  Alternations  like  these  were  again 
and  again  repeated,  as  geology  has  shown. 

Through  these  means,  the  continent,  which  was  begun  at  the  far 
North,  a  region  then  tropical  but  afterwards  to  become  inhospitable, 
gradually  expanded  southward,  area  after  area  as  time  moved  on  being 
added  to  the  dry  land. 

First,  as  the  facts  show,  the  Silurian  deposits  of  Canada  and  the 
North,  adjoining  the  Azoic,  were  left  above  the  sea,  for  these  rocks 
there  are  not  overlaid  by  later  beds ;  and,  therefore,  were  not  the  sea- 
bottom  of  later  seas.  Next,  the  adjacent  Devonian  were  added  to  the 
main  land  as  far  south  as  Southern  New  York  and  around  by  the  west; 
for,  as  the  New  York  geologists  have  shown,  the  carboniferous  beds 
which  come  next  do  not  reach  into  that  State.  By  the  time  of  the 
Jurassic  period,  the  continent  had  expanded  much  farther  to  the  south- 
ward, for  the  carboniferous  rocks  over  the  land  were  out  of  water,  their 
beds  having  already  been  folded  up  and  elevated  in  the  Appalachians. 
Xhe  red  sandstone  of  the  Connecticut  Valley  and  of  the  Atlantic  States 
from  New  York  to  Alabama  leave  little  doubt  as  to  the  water-line  of 
that  era.  In  the  Cretaceous  period  the  continent  had  farther  expanded 
along  the  Atlantic ;  but  in  the  Mississippi  Valley  the  Mexican  Gulf 
Btill  extended  north  even  to  the  head  waters  of  the  Missouri.  Next, 
as  the  Tertiary  opened,  the  continent  had  yet  more  widely  enlarged  its 
bounds,  south  and  south-east ;  and  if  the  waters  of  the  Mexican  Gulf 
for  a  while  claimed  a  place  over  some  part  of  the  Nebraska  plains,  as 
late  observations  suggest,  by  the  close  of  the  period  the  continent  in 
this  direction  had  nearly  reached  its  full  maturity.  These  steps  of 
progress  are  indelibly  marked  in  the  position,  and  obvious  sea-coast, 
off-shore,  or  estuary  origin  of  the  Jurassic,  Cretaceous,  and  Tertiary 
beds  of  the  country. 

Passing  towards  the  Pacific,  we  find  evidence  in  the  carboniferous 
limestone  that  the  Rocky  Mountains  were  mostly  under  shallow  water 
as  the  Carboniferous  age  opened,  the  mountains  themselves  unborn. 
Later  in  the  Cretaceous  and  Tertiary  periods,  as  the  rocks  towards 
the  coast  testify,  the  continent  had  extended  far  to  the  south-west,  and 
was  nearly  complete  in  that  direction,  as  well  as  to  the  south  and  south- 
east. 

Thus  the  enlargement  went  on  to  the  southward,  each  period  making 
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some  addition  to  the  mainland,  as  each  year  giyes  a  layer  of  wood  to 
the  tree.  Not  that  this  addition  was  free  from  oscillations,  causing  sab- 
mergences,  for  these  continued  long  to  occur ;  but  the  gain,  on  the 
whole,  was  a  gain  —  a  progress ;  and  the  moving  ages  made  the  acces- 
sion a  sure  and  permanent  gain  as  the  continent  became  more  stable. 

II.  But  in  the  statement  that  the  growth  of  the  continent  was  to  die 
south,  south-east,  and  south-west,  we  assert  only  the  most  general  troth 
respecting  it.  The  continent  has  its  special  features  as  much  as  any 
being  of  organic  growth,  and  the  elimination  of  these  features  is  to  be 
traced  to  the  same  system  of  forces.  The  Appalachian  range  on  die 
east,  the  Rocky  Mountains  and  the  subordinate  chains  on  the  west,  the 
lower  lands  and  lakes  of  the  interior,  all  in  a  systematic  relation,  are 
the  more  marked  of  these  features ;  and  the  vast  river  systems,  with 
the  broad  alluvial  flats  and  terraced  plains,  the  wide  spread  drift,  the 
denuded  heights  and  channelled  slopes  and  lowlands,  are  subordinate 
peculiarities  of  the  face  of  the  continent. 

The  Appalachian  range  of  heights,  as  I  explained  a  year  since,  was 
commenced  in  the  Silurian  age,  and  even  earlier  long  before  a  trace  of 
the  mountains  had  appeared.*  The  force  from  the  south-east,  in  the 
dawn  of  the  Palaeozoic  era,  had  made  the  Appalachian  region  generally 
shallower  than  the  Mississippi  Valley  beyond.  The  vast  sandstone  and 
shale  deposits  of  the  region  bear  marks  in  many  parts  of  sea-«bore 
action,  while  the  limestones  which  were  forming  contemporaneously 
farther  west,  indicate  clearer  and  somewhat  deeper  seas ;  and  the  patch 
of  Azoic  in  Northern  New  York,  lying  at  the  northern  extremity  of 
part  of  the  range,  points  to  an  anterior  stage  in  the  same  course  of  his- 
tory; so  that,  in  early  time,  long  before  there  were  mountains,  the 
future  of  the  continent,  its  low  centre  and  high  borders,  was  fore- 
shadowed. We  can  hardly  doubt  that  the  region  of  the  Rocky  Moun- 
tains was  in  the  same  condition,  in  the  main,  with  that  of  the  Appa- 
lachians. Moreover,  these  borders,  or  at  least  the  eastern,  for  ages 
anterior  to  the  making  of  the  mountains,  were  subject  to  vastly  greater 
oscillations  than  the  interior ;  for  the  Silurian  and  Devonian  sandstones 
that  occur  along  from  New  York  to  Alabama  are  of  great  thickness, 
being  five  times  as  thick  as  the  limestones  and  associated  deposits  of 


*  Address,  &c.,  see  note  page  (9). 
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the  same  age  to  the  west.     A  limestone  bed,  moreover,  is  of  itself 
evidence  of  comparatively  little  oscillation  of  level  during  its  pro- 


We  hence  learn  that  in  the  evolution  of  the  continental  germ,  after 
the  appearance  of  the  Azoic  nucleus,  there  were  two  prominent  lines 
of  development ;  one  along  the  Appalachian  region,  the  other  along  the 
Kockj  Mountain  region  —  one,  therefore,  parallel  with  either  ocean. 
Landward,  beyond  each  of  these  developing  areas,  there  was  a  great 
trough  or  channel  of  deeper  ocean  waters,  separating  either  from  the 
Azoic  area. 

The  Azoic,  as  has  been  indicated,  has  something  of  a  V  shape,  (or 
\,)  with  Hudson  Bay  between  its  ai*ms.  This  succeeding  step  of 
progress  is  the  partial  development  of  a  larger  Y  outside  of  and  parallel 
to  the  Azoic  nucleus.  The  channels  alluded  to  lie  between  the  two 
Vs.  The  bar  of  the  outer  V  on  the  left  is  of  great  breadth  and 
made  up  of  several  broad  parallel  bands  or  ranges  of  elevations ;  that 
on  the  right  is  quite  narrow  comparatively,  yet  also  etched  in  several 
parallel  lines. 

The  Mexican  Gulf  is  all  that  remains  of  the  larger  of  these  chan- 
nels. Its  waters  once  stretched  to  the  Arctic  Sea,  and  were  in  early 
time  but  the  deeper  part  of  the  continental  ocean.  Later,  as  the  ages 
moved  on,  there  was  land  to  the  north,  and  a  line  of  fresh-water  lakes 
along  its  former  course ;  and  the  gulf  reached  no  higher  than  the  head 
waters  of  the  Missouri.  Later  still,  and  its  limits  became  more  con- 
tracted, till  now  the  full-grown  continent  has  but  her  foot  in  the  salt 
water. 

The  Gulf  of  St.  Lawrence  marks  the  outlet  of  the  other  channel, 
and  the  River  St.  Lawrence  its  course.  The  great  lakes,  as  well  as 
the  smaller  lakes  north,  lie  near  the  limits  of  the  Azoic  nucleus  within 
these  ancient  troughs  or  depressions ;  and  the  largest  lake.  Lake  Supe- 
rior, is  at  tlie  junction  of  the  two  lines. 

Such  was  the  law  of  growth.  The  molecular  forces  beneath  the  con- 
tinent, from  the  progressive  cooling  there  going  on,  were  not  idle,  and 
must  have  modified  the  results.  But  the  main  action  causing  the  lift- 
ing and  sinking  of  the  crust  and  the  final  gain  to  the  land,  proceeded 
fi-om  the  directions  of  the  oceans.  The  inequality  in  the  forces  from 
the  two  directions,  as  well  as  in  the  form  and  depth  of  each  oceanic  or 
subsiding  area  whence  the  forces  mainly  came,  would  necessarily  have 

(2) 
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produced  many  irregularities  in  the  results,  as  I  have  remarked  in 
another  place,*  and  will  not  now  dwell  upon. 

The  Pacific  region  has  always  been  true  to  its  own  grandeur.  The 
force  from  that  direction  not  only  made  the  Rocky  Mountains  to  rise 
and  a  file  of  lofly  volcanoes  to  light  up  its  waters,  (while  the  most  the 
gentler  Atlantic  could  accomplish  was  a  bending  up  of  the  strata  into 
Appalachians,  and  a  baking  of  some  of  the  beds,)  but  it  also  added 
tenfold  the  most  dry  land  to  the  continent ;  and  evea  after  the  Tertiaiy 
rocks  were  deposited,  it  elevated  the  continental  border  at  least  two  or 
three  thousand  feet,  —  ten  times  beyond  what  happened  on  the  Atlantic 
side.f 

But  look  further,  and  consider  that  the  great  lines  of  elevation  on 
the  Pacific  side  are  parallel  nearly  to  the  islands  of  the  ocean ;  that 
these  islands  are  like  a  long  train  stretching  off  from  Asia  to  the  east- 
south-east  ;  that  New  Hebrides,  New  Caledonia  in  the  south-west,  with 
the  foot  of  the  New  Zealand  boot  and  North-western  Australia,  con- 
form to  the  general  parallelism ;  and  it  will  then  be  comprehended  that 
we  have  been  considering  not  simply  a  continental  system  of  progress, 
but  one  involving  the  whole  globe.  It  appears  also  from  the  history 
of  the  coral  islands  of  the  Pacific,  that  while  the  Tertiary  and  Post- 
tertiary  elevations  were  going  forward  on  the  Pacific  border  of  North 
America,  a  slow  and  gradual  subsidence  was  in  progress  over  a  parallel 
region  across  the  middle  of  the  ocean.  The  axis  line  of  the  Pacific 
is  not  only  the  main  trend  of  its  lands,  but  is  also  nearly  the  course 
of  the  great  subsidence  which  is  indicated  by  the  history  of  the  coral 
islands.]: 


*  Amer.  Jour.  Sci.  [2],  vol.  iii. 

t  Whatever  doubts  may  exist  as  to  the  cause,  there  can  bo  none  as  to  the  actu- 
ality of  the  force  on  the  two  sides,  the  Atlantic  and  the  Pacific.  The  elevation  of 
the  mountains  on  each  border  is  proof  beyond  question ;  and  their  relative  extent 
and  height  is  evidence  indubitable  as  to  the  relative  amounts  of  force  exerted.  The 
parallel  folds  on  tlic  Atlantic  side  show  that  there  it  was  actually  lateral  force  from 
the  south-east ;  and  the  several  parallel  ranges  on  the  Pacific  side,  parallel  to  the 
ocean,  are  proofs  of  similar  lateral  action  there,  but  from  the  south-west.  Then  the 
dominance  of  these  two  trends  in  the  uplifts  over  the  whole  continent  in  its  oldest 
and  newest  regions  and  rocks,  are  like  the  warp  and  woof  of  a  fabric,  determined  by 
the  organizing  forces  themselves  of  the  structure. 

X  Amer.  Jour.  Sci.  vol.  xlv.,  (1843,)  131,  and  [2],  iii.  396,  (1847).     One  como- 
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in.  I  have  said  that  these  two  systems  of  forces  —  the  south-east 
and  south-west  —  continued  to  act  through  the  Tertiary  period,  work- 
ing out  the  continent,  and  bringing  it  nearly  to  its  adult  extent.  At 
the  meeting  of  this  Association  at  Providence  I  pointed  out  the  fact 
that  at  the  close  of  the  Tertiary  there  was  a  change  in  the  movement ; 
that  during  the  following  period,  the  PostTtertiary,  there  were  high- 
latitude  oscillations ;  and  I  endeavored  to  show,  that  there  was  first  an 
elevation  of  the  continent  over  the  north  for  the  first,  or  glacial  epoch  ; 
then  a  subsidence  (as  shown  by  the  sea-shore  deposits  on  Lake  Cham- 
plain,  and  the  highest  terrace  of  the  lakes  and  rivers)  during  a  second 
or  Laurentian  epoch ;  and  finally,  an  elevation  to  its  present  height, 
for  the  third  or  Terrace  epoch.  Whether  the  elevation  for  the'I>ifl 
epoch  be  admitted  or  not,  all  agree  that  the  oscillation  attending  it 
was  a  northern  phenomenon.  These  several  changes  thus  aficcted 
mainly  the  latitudes  north  of  the  middle  of  the  temperate  zone,  or 
were  but  slightly  felt  to  the  south  of  this.  It  is  a  remarkable  fact  that 
the  coast?  of  the  Arctic  regions,  which  have  now  been  rather  widely 
explored,  have  not  presented  any  Jurassic,  Cretaceous,  or  Tertiary^ 
deposits,  and  there  is,  therefore,  no  evidence  of  their  having  been  in 
those  eras  under  water.  Such  beds  may  hereafler  be  detected ;  but 
the  great  fact  will  still  remain,  that  they  are  there  of  limited  extent,  if 
not  wholly  absent.  As  far  as  known,  there  is  no  Tertiary  on  the  coasts 
north  of  Cape  Cod.  All  development  or  growth  there  seems  to  have 
ceased,  or  nearly  so,  with  the  Paleeozoic  era  or  the  close  of  the  Car- 
boniferous age.  But  there  are  Post-tertiary  deposits  in  the  Arctic 
regions  in  many  places,  situated  hundreds  of  feet  above  the  sea,  con- 
taining shells  of  existing  Arctic  species.  This  alone,  independent  of 
other  evidence,  would  prove  a  change  in  the  conditions  of  geological 
progress  after  the  Tertiary  period.  The  necessary  inference  is,  then, 
that  as  long  as  the  south-west  and  south-east  forces  were  in  active  play, 


qacnce  of  these  fucts  and  principles  may  be  here  alluded  to.  If  the  position  of 
the  Atlantic  and  Pacific  has  determined  the  main  directions  of  the  organizing 
forces  through  all  time,  and  if,  owing  to  the  direction,  as  the  facts  show,  elevations 
having  the  satne  strike  or  trend  hare  been  formed  in  saccessivo  geological  ages,  it  is 
evident  that  the  elevation  theory  of  mountains,  sustained  by  Elie  de  Beaumont, 
must  be  received  with  much  hesitation.  One  dial-plate  for  the  world,  such  as  he 
has  deduced  mainly  from  European  geology,  is  a  splendid  hypothesis ;  but  it  may 
not  mark  time  for  America  or  the  other  continents. 
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and  the  extremities  of  the  continent  were  thereby  in  process  of  growth, 
there  was  little  change  going  on  in  the  far  north.  But  when  the  con- 
tinent was  nearly  finished,  its  extremities  grown,  and  the  stability  con- 
sequent upon  adult  age  acquired,  then,  through  a  series  of  osdllations, 
a  course  of  development  was  carried  on  in  the  more  northern  regions, 
giving  a  final  completion  to  the  continent  —  an  action,  which,  as  I  have 
elsewhere  explained,  involved  the  higher  latitudes  about  the  whole 
sphere,  north  and  south  of  the  equator.* 

We  shall  understand  more  definitely  the  relations  of  the  later  to  the 
older  oscillations,  if  we  consider  that  all  were  due  to  one  grand  cause, 
influencing  the  whole  extent  of  the  continent  even  to  the  Arctic  Ocean; 
that  the  force  from  the  north,  the  south-east,  and  the  south-west,  ac- 
cording to  the  principle  explained,  was  proportioned  approximately  to 
the  sizes  of  the  oceans,  the  Arctic,  the  Atlantic,  and  the  Pacific ;  that 
the  greater  forces  from  the  south-east  and  south-west  acted  against  that 
from  the  north  and  through  their  superior  strength  or  the  concurrent 
greater  flexibility  of  the  crust,  kept  up  those  vibrations  in  the  progress 
of  which  the  border  mountains  were  made ;  but  at  last,  the  south-east 
and  south-west  action  almost  ceasing  through  the  stiffening  and  uplift- 
ing of  the  crust,  then  the  northern  force,  having  a  stable  fulcrum,  made 
itself  felt  in  the  long  and  slow  oscillations  of  the  Post-tertiary.  Under 
this  mode  of  view  it  will  be  seen  that  all  was  part  of  one  system  of  de- 
velopment. 

If  we  rightly  apprehend  the  results  of  the  Post-tertiary  period,  we 
shall  perceive  that  there  was  vast  importance  in  these  finishing  oper- 
ations over  the  sphere:  —  that  during  its  progressing  centuries,  the 
great  phenomena  of  the  drift  took  place,  covering  hilb  and  plains  with 
earth  ;  that  the  valleys  for  our  rivers  were  then  either  made  or  vastly 
enlarged ;  that  immense  alluvial  plains  were  spread  out  in  terraces  over 
the  interior  and  in  flats  along  the  shores ;  that  thus  a  large  part  of  the 
brighter  features  of  the  globe  were  educed.  The  mountains  of  the  earth 
at  last  stood  at  their  full  altitude,  having  gained  some  thousands  of  feet 
since  the  Tertiary ;  and  rivers,  true  offspring  of  the  mountains,  taking 
their  size  from  the  size  of  the  mountain  ranges,  were  sent  on  renovating 
missions  over  the  breadth  of  the  continents.    Indeed,  the  upper  ter- 


*  Address,  &c.,  loc.  dt. 
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races  of  the  rivers  show  that  during  the  Post-tertiary,  these  interior 
waters  had  an  extent  and  power  vastly  beyond  what  the  streams  now 
exhibit;  —  an  extent  which  is  yet  unexplained,  unless  attributable,  as 
I  have  suggested,  to  the  declining  snows  of  a  glacier  epoch.  In  their 
strength,  they  deeply  channelled  the  hills,  and  wrought  out  much  of  the 
existing  sublimity  of  mountain  architecture.  There  was  the  elimination 
of  beauty  and  of  immediate  utility  in  every  stroke  of  those  later  waters, 
in  marked  contrast  with  the  earlier  operations  of  rock-making  and 
moontain-lifling ;  for  those  very  conditions,  those  special  surface  details, 
were  developed,  that  were  most  essential  to  the  pastoral  and  agricul- 
tural pursuits  with  which  man  was  to  commence  his  own  development, 
while  that  grandeur  was  impressed  on  the  earth  that  should  tend  to 
raise  his  soul  above  its  surface. 

This  transfer  of  the  process  of  development  from  the  extremities  to 
the  more  northern  regions,  thence  evolving  these  new  and  more  refined 
qualities  of  inorganic  nature  and  humanizing  the  earth,  has  a  parallel 
in  organic  growth ;  for  the  extremities  are  finished  and  adult  size  at- 
tained before  the  head  and  inner  being  are  fully  perfected.  The  anal- 
ogy is  fanciful ;  yet  it  is  too  obvious  a  parallelism  to  be  lefl  unsaid  on 
that  account* 


*  I  havo  alladed  on  a  former  page  to  an  analogy  between  the  progress  of  the 
earth  and  that  of  a  germ.  In  this,  there  is  nothing  fanciful ;  for  there  is  a  general 
law,  as  is  now  known,  at  the  basis  of  all  development,  which  is  strikingly  exhibited, 
as  Professor  Gnyot  has  shown,  even  in  the  earth's  physical  progress.  The  law,  as 
it  has  been  recognized,  is  simply  this :  —  Unity  evolvlDg  multiplicity  of  parts  through 
successive  individualizations  proceeding  from  the  more  fundamental  onward ;  a  law 
wrought  out  and  developed,  especially  with  regard  to  the  inorganic  history  of  the 
globe,  by  Professor  Guyot.     (See  his  Earth  and  Man.) 

The  earth  in  igneous  fusion,  had  no  more  distinction  of  parts  than  a  germ.  After- 
wards, the  continents,  while  still  beneath  the  waters,  began  to  take  shape.  Then,  as 
the  seas  deepened,  the  first  dry  land  appeared,  low,  barren,  and  lifeless.  Under 
slow  intestine  movements  and  the  concurrent  action  of  the  enveloping  waters,  the 
dry  land  expanded,  strata  formed,  and  as  these  processes  went  on,  mountains  by 
degrees  rose,  each  in  its  appointed  place.  Finally  in  the  last  stage  of  the  develop- 
ment, the  Alps  and  Pyrenees  and  other  heights  received  their  majestic  dimensions 
and  the  continents  were  finished  out  to  their  very  borders. 

Again,  as  to  the  history  of  fresh  waters.  —  The  first  waters  werc  all  salt,  and  the 
oceans  one,  the  waters  sweeping  around  the  sphere  in  an  almost  unbroken  tide. 
Fresh  waters  left  their  mark  only  in  a  rain-drop  impression.    Then  the  rising  lands 

(2») 
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Thus,  then,  the  continent  was  completed.  ContractioD  was  the 
power,  under  Divine  direction,  which  led  to  the  oscillations  of  the  cm^ 
the  varied  successions  in  the  strata,  and  the  exuviations  of  the  earth's 
life,  era  after  era.  Acting  from  the  Atlantic  and  Pacific  directions,  it 
caused  the  southern  prolongation  of  the  growing  land  from  the  icj 
north  to  the  tropics,  while  it  raised  mountains  on  the  borders,  and 
helped  to  spread  the  interior  with  plains,  varied  slopes,  and  lakes. 
And,  finally,  through  its  action  over  the  north,  the  surface  received  its 
last  touches,  fitting  it  for  a  new  age  —  the  Age  of  Mind. 


2.  On  the  Parallelism  op  the  Bock  Formations  of  Nova 
Scotia  with  those  op  other  parts  op  America.  By  J.  W. 
Dawson,  A.  M.,  F.  G.  S.,  &c ;  Principal  of  the  McGill  College, 
Montreal. 

The  peninsula  of  Nova  Scotia  is  occupied  entirely  by  rocks  of  the 
Silurian,  Devonian,  and  Carboniferous  systems,  and  an  overlying  red 
sandstone  series  associated  with  beds  of  trap.     It  is  especially  remaik- 


commenced  to  mark  oat  tho  great  seas,  and  the  incipient  continents  were  at  times 
spread  with  fresh-water  marshes  into  which  rills  were  flowing  from  the  slopes  aroond. 
As  the  mountains  enlai^d,  the  rills  changed  to  rivers,  till  at  last  the  rivers  also 
were  of  majestic  extent,  and  the  continents  were  throughout  active  with  the  busy 
streams,  at  work  channelling  mountains,  spreading  out  plains,  opening  lines  of  com- 
munication, and  distributmg  good  evciywhere. 

Again,  the  first  climates  were  all  tropical.  But  when  mountains  and  streams  were 
attaining  their  growth,  a  diversity  of  climate,  (essential  to  the  full  strength  of  the 
latter,) was  gradually  evolved,  until  winter  had  settled  about  the  poles  as  well  as  the 
earth's  loftier  summits,  leaving  only  a  limited  zone,  —  and  that  with  many  variations, 
—  to  perpetual  summer. 

The  organic  history  of  the  earth,  from  its  primal  simplicity  to  tho  final  diversity, 
IB  well  known  to  exemplify  in  many  ways  the  same  great  principle. 

Thus  the  earth's  features  and  functions  were  successively  individnalized : — first, 
the  more  fundamental  qualities  being  evolved,  and  finally  those  m3rriad  details  in 
which  its  special  characteristics,  its  magnificent  perfection,  and  its  great  purpose  of 
existence  and  fitness  for  duty,  largely  consist. 
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able  for  the  great  development  and  fine  exposure  of  the  carboniferous 
rocks,  and  for  the  circumstance,  in  part  connected  with  the  former,  that 
all  the  formations  older  than  the  coal  have  been  greatlj  fractured  and 
metamorphosed  before  the  carboniferous  period,  so  that  the  coal  rocks 
are  quite  unconformable  to  those  of  the  Devonian  period.  I  propose 
in  this  paper  to  give  a  general  account  of  the  latest  state  of  our  infor- 
mation as  to  the  equivalency  of  geological  changes  and  formations  in 
this  outlying  portion  of  the  American  palflBozoic  and  mesozoic  forma- 
tions, with  those  in  the  United  States  and  Canada. 

1.  Modem  changes  of  level  in  the  western  part  of  Nova  Scotia,  are 
evidenced  by  the  occurrence  of  stumps  of  the  pine  and  beech  in  situ 
at  a  depth  of  thirty  feet  below  the  level  of  the  high  tides  in  the  upper 
part  of  the  Bay  of  Fundy ;  and  there  are  indications  that  the  greater 
part  of  the  marsh  lands  of  that  bay  are  based  on  such  submerged  up- 
land. The  observed  evidence  of  this  submergence  depends  on  the 
great  rise  and  fall  of  the  tides  of  the  bay,  so  that  in  other  parts  of  the 
province  similar  subsidence  may  have  occurred,  without  leaving  the 
same  traces.  The  best  instance  of  a  submerged  forest  in  Nova  Scotia, 
or  perhaps  in  Eastern  America,  occurs  near  Fort  Lawrence,  and  is 
described  in  the  Proceedings  of  the  Geological  Society  of  London,  for 
January,  1855. 

This  modern  subsidence  connects  itself  with  that  said  to  be  in  prog- 
ress in  the  south  of  Newfoundland,  and  with  the  submarine  forests  that 
have  been  described  by  Professor  Hitchcock,  Mr.  Gesner  and  others, 
as  occurring  in  Prince  Edward  Island,  the  island  of  Grand  Manan,  and 
the  coast  of  New  England. 

2.  The  Boulder  formation  is  almost  universally  diffused  in  Nova 
Scotia,  and,  as  in  many  other  parts  of  the  world,  consists  of  two  members, 
a  boulder  clay,  indicating  intense  frost  and  continued  subsidence,  with 
ice  drift  of  coast  stones  and  boulders ;  and  superficial  gravels  and  sands, 
marking  the  action  of  the  sea  during  the  emergence  of  the  country. 
Under  the  boulder  clay  the  surface  is  generally  polished  and  striated. 
No  marine  shells  have  been  discovered,  but  in  one  place  I  have  ob- 
served a  bed  of  peat  with  roots  of  coniferous  trees  beneath  the  boulder 
clay ;  and  in  some  other  localities  old  stratified  sands  and  gravels  have 
been  covered  by  it.  Remains  of  mastodon  have  been  found,  in  the 
superficial  gravel. 

The  distribution  of  boulders  has  been  determined  by  currents  by  no 
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means  uniform,  and  modified  bj  the  physical  features  of  the  country. 
The  direction  of  the  striss  and  furrows  is  most  frequently  north-east 
and  south-west,  coinciding  with  that  of  the  hills  and  valleys  of  the  coun- 
try, and  with  that  of  the  present  northern  current  of  the  coast,  as  well 
as  with  the  prevailing  course  in  other  parts  of  the  continent ;  but  locally 
striae  are  found  to  run  east  and  west,  and  north  and  south,  and  there 
are  often  two  sets  crossing  each  other. 

Boulders  also  appear  to  have  been  carried  with  almost  equal  facili^ 
in  different  directions.  The  central  part  of  the  province  is  overspread 
with  granite  boulders  from  the  south  and  west,  and  with  greenstone 
and  syenite  boulders  from  the  Cobequid  hills  on  the  north  and  north- 
west. The  Cobequids,  elevated  about  twelve  hundred  feet,  have  on 
their  northern  ridges  sandstone  blocks  from  the  plain  of  Cumberland, 
to  the  north,  and  on  their  southern  slopes  granite  boulders  from  the 
south.  The  valley  of  Comwallis  and  Annapolis,  extending  nearly 
south-east  and  north-west,  has  granite  boulders  from  its  south  side 
carried  across  to  the  north,  and  trap  boulders  from  the  north  carried 
up  the  hills  on  the  south.  Great  masses  of  debris  have  been  swept 
out  of  the  ravines  of  the  Cobequids  to  the  south,  while  the  ruins  of 
the  conglomerates  of  the  Fictou  hills  have  been  swept  to  the  north  and 
north-east.  When  all  the  exceptions  are  taken  into  the  account,  the 
preponderance  of  northern  drift  is  by  no  means  decided,  and  in  many 
localities  is  not  appreciable. 

No  formation  has  been  recognized  in  Nova  Scotia  between  the  Drift 
and  a  series  of  red  sandstones,  to  which  the  name  of  New  Red  Sand- 
stone has  been  provisionally  applied,  and  which,  at  one  time,  were  con- 
founded with"  the  more  extensive  and  important  red  sandstones  of  the 
Carboniferous  system,  which  these  new  red  beds  unconformably  over- 
lie. In  Nova  Scotia  the  red  sandstone  is  interstratified  with  great  beds 
of  trap,  tufa,  and  trap  conglomerate.  In  the  neighboring  island  of 
Prince  Edward,  where  the  formation  is  largely  developed,  these  indica- 
tions of  volcanic  action  are  almost  entirely  absent. 

Regarding,  for  reasons  which  I  have  endeavored  to  explain  else- 
where, the  red  colors  of  these  sandstones  as  an  indirect  consequence  of 
volcanic  action,  and  having  observed  the  association  of  red  sandstone 
and  trap  to  occur  under  precisely  the  same  conditions,  in  the  new  red 
sandstone  and  the  lower  carboniferous  series  in  Nova  Scotia,  and  be- 
lieving such  association  to  occur  in  rocks  of  almost  every  geological  age, 
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I  do  not  attach  much  value  to  similarity  of  mineral  character,  as  identi- 
fying these  rocks  with  the  red  sandstones  of  Connecticut  and  other 
parts  of  the  eastern  States.  In  Nova  Scotia,  however,  it  is  certain  that 
this  formation  is  newer  than  the  Carhoniferous  system,  and  has  accom- 
modated itself  to  the  surface  arrangements  effected  at  the  close  of  the 
latter  period.  It  enters  in  hays  and  inlets  into  the  Carboniferous  val- 
leys, and  in  Prince  Edward  Island  it  extends  across  the  ends  of  the 
carboniferous  troughs  of  Nova  Scotia. 

No  fossils  have  been  found  in  the  New  Red  of  Nova  Scotia ;  but  in 
Prince  Edward  Island  the  large  reptile  described  by  Dr.  Leidy,  and 
named  BathygnaiUius  Borealis,  and  the  occurrence  of  araucarian  conif- 
erous wood  and  fragments  of  plants  resembling  calamites,  perhaps  point 
to  a  Permian  date. 

4.  The  Carbomferaui  System  has  a  thickness  oertainly  exceeding 
15,000  feet,  but  in  its  horizontal  extent  it  is  limited  by  older  ranges 
of  hills,  which  divide  it  into  troughs  and  basins,  and  have  occasioned 
great  varieties  of  structure  in  its  different  parts. 

(1.)  In  Nova  Scotia  the  coal  formation  presents  an  upward  exten- 
sion, which,  in  so  far  as  I  am  aware,  is  not  developed  on  the  same 
scale  in  other  parts  of  America.*  It  consists  of  several  thousand  feet 
of  red  sandstones  and  shales,  with  occasional  gray  beds,  and  fossil 
plants  identical  with  those  of  the  coal  formation ;  but  without  workable 
coal  or  marine  limestones.  This  portion  of  the  series  I  have  named  in 
former  papers  the  ''  Upper,  or  Newer  Coal  Formation." 

(2.)  The  productive  coal  measures  underlying  this  newer  coal  for- 
mation, in  consequence  of  the  local  causes  previously  referred  to,  pre- 
sent us  with  three  different  types  of  structure. 

(a)  In  some  instances,  as  at  the  North  Joggins  and  Sydney,  a  great 
number  of  beds  of  coal  alternate  with  stigmaria  underclays,  sandstones 
containing  erect  trees,  and  shales  and  limestones  with  modiolae^  JUh' 
scales,  and  cypris.  In  such  localities  very  firequent  alternations  of  con- 
dition and  elevation  have  occurred,  and  have  been  accompanied  by  a 
profuse  vegetable  growth.  It  is  in  coal  measures  of  this  type  that  we 
find  preserved  those  erect  forests,  remains  and  footprints  of  reptiles, 
land  shells,  and  impressions  of  rain  marks,  that  have  been  described 

*  In  the  discussion  a  similar  set  of  beds  was  said  to  occur  in  the  coal  field  of 
Penssylyania. 


Z2S  NATURAL  HI8T0BT. 

by  Sir  C.  Ljell,  Mr.  Brown,  and  the  writer,  in  the  proceedings  of  the 
geological  society  of  London. 

(b)  In  one  coal  field,  that  of  Pictou,  the  whole  of  the  coal  has  been 
accamalated  in  a  few  enormous  seams,  included  in  black  shales  neariy 
destitute  of  sandstones  and  erect  trees.  The  thickest  of  these  great 
seams  has  afforded  the  skull  of  the  largest  known  carboniferous  batra- 
chian  (Baphetes  PlanicepSy  Owen). 

The  special  conditions  of  the  Pictou  measures  appear  to  have  been 
occasioned  by  a  contemporaneous  gravel  beach,  which  has  separated 
the  Albion  Mines  area  from  those  parts  of  the  surface  in  which  sand 
was  being  deposited  alternately  with  the  coal.  (For  details,  see  Jour- 
nal of  Geological  Society,  1853.) 

(c)  Other  parts  of  the  coal  measures  present  the  aspect  of  the  upper 
member  of  the  series,  already  referred  to,  or  that  of  the  next  lower 
member,  without  any  extensive  development  of  coal  and  its  accom- 
paniments. This  condition  appears  to  prevail  more  extensively  in 
New  Brunswick  than  in  Nova  Scotia. 

Similar  varieties  of  surface,  during  the  coal  period,  have  been  ob- 
served in  Great  Britain,  and  even  in  the  great  coal  areas  of  the  West- 
em  States. 

(3.)  Below  the  coal  measures  we  usually  find  a  great  thickness  of 
gray  and  red  sandstones  comparatively  barren  of  coal  plants,  and  cor- 
responding to  the  millstone  grit  of  England,  and  perhaps,  in  part,  to 
the  lower  carboniferous  conglomerates  of  the  Appalachian  and  western 
coal  fields. 

(4.)  The  next  member  of  the  formation  in  descending  order,  is  that 
to  which  the  name  of  gypsiferous  series  has  been  given.  It  consists 
of  red  sandstones  and  red  and  green  marls,  with  thick  limestones 
usually  filled  with  marine  fossils,  and  numerous  beds  of  gypsum.  This 
formation  appears  to  be  wanting  in  the  north  of  the  Appalachian  coal 
fields,  but  is  largely  represented  by  the  lower  carboniferous  limestones 
and  gypsum  of  the  west  and  south.  It  is  also  deserving  of  remark, 
that  in  Nova  Scotia,  where  these  lower  carboniferous  beds  approach 
the  older  rocky  ridges,  the  limestones  are  diminished  or  even  disap- 
pear, and  are  replaced  by  enormous  beds  of  conglomerate  marking  the  an- 
cient beach,  on  which  pebbles  accumulated  instead  of  the  limestones  that 
were  deposited  in  the  deeper  water ;  presenting  an  analogy  on  the  small 
scale  to  similar  facts  observed  over  larger  surfaces  in  the  United  States. 
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(o.)  Near  these  ancient  shores,  and  at  the  very  base  of  the  car- 
boniferous system,  there  occurs  a  peculiar  pseudo  coal  formation,  con* 
sisting  of  dark  and  oflen  calcareous  shales  and  sandstones  with  coal 
plants ;  in  one  instance,  a  bed  of  erect  trees,  underclajs,  and  very  thin 
coals.  It  is  also  characterized  locally  by  the  presence  of  great  num- 
bers of  scales  of  fishes.  This  deposit,  which  belongs  to  the  bays  and 
estuaries  of  the  older  carboniferous  sea,  has  been  recognized  in  many 
localities,  and  has,  in  former  times,  caused  much  confusion  by  its  being 
mistaken  for  the  coal  measures,  and  consequently  leading  to  the  belief 
that  the  latter  underlie  the  gypsiferous  beds. 

To  this  part  of  the  carboniferous  system  I  refer  the  remarkable 
bituminous  fish-bearing  shales  of  the  Albert  Mine  in  New  Brunswick, 
which  have  been  so  fertile  of  litigation  and  controTcrsy. 

Similar  deposits  have,  no  doubt,  been  produced  at  the  margins  of  all 
the  lower  carboniferous  seas,  though  the  peculiar  local  features  of  Nova 
Scotia  were  probably  especially  favorable  to  their  development* 

The  peculiar  characteristics  of  the  gypsiferous  member  of  the  lower 
carboniferous  series  in  Nova  Scotia,  I  believe  to  be  due  to  igneous  ac- 
tion proceeding  on  the  margins  of  limited  sea  basins,  in  which  great 
deposits  of  coral  and  shell  limestone  were  being  accumulated. 

The  remarkable  similarity  of  the  coal  flora  of  Nova  Scotia  to  that 
of  the  southern  and  western  States  and  of  England,  has  been  often 
noticed.  The  marine  fauna  seems  to  be  more  closely  allied  to  that  of 
western  Europe  than  to  that  of  America ;  most  of  the  more  abundant 
and  characteristic  species,  as  the  Productus  Martini  and  Scoticus 
Spirifer  Glaber,  Terebratula  Elongata,  Ceriopora  Spongites,  and 
Fenestella  Membranacea,  being  common  European  forms,  while,  in  so 
far  as  I  have  been  able  to  ascertain,  few  of  the  common  species  in 
Nova  Scotia  are  identical  with  those  of  the  western  States.  This 
would  accord  with  the  indications  of  separation  afforded  by  the  absence 
of  the  limestone  from  intervening  portions  of  the  American  coal 
areas,  and  by  the  Devonian  elevations  of  land  in  Eastern  Canada  and 
New  England. 

5.  Devonian  and  Silurian  Hocks.  —  Before  the  Lower  Carbon- 


*  In  the  discaseion  Professor  Rogers  and  Mr.  Lesley  described  a  yery  similar 
lower  or  false  coal  formation  as  occurring  in  Pennsylvania  and  the  South. 
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iferous  period,  great  igneous  disturbances  had  occurred  in  the 
under  consideration,  and  all  the  previous  sediments  had  been  frac- 
tured and  baked,  and  had  been  in  part  elevated  into  rocky  ridges 
and  islands  in  which  volcanic  action  was  still  in  progress  in  the  Car- 
boniferous period. 

Nothing  lithologically  equivalent  to  the  old  red  sandstone  has  been 
found,  but  there  are  some  hard  sandstones  and  grits  of  uncertain  age 
apparently  underlying  the  coal  formation,  which  may  belong  to  this 
horizon.  The  first  fossiliferous  rocks  seen  in  descending  order,  are  a 
series  of  slates  and  hard  shales  with  abundance  of  fossils  and  frequent 
calcareous  bands,  and  in  one  portion  a  bed  of  fossiliferous  iron  ore.  The 
disturbances  and  metamorphoses  of  these  rocks  are  so  general  that  it 
is  difficult  in  this  region  to  ascertain  clearly  the  order  of  superpositions ; 
but  there  is  a  very  great  thickness  of  beds,  and  Professor  Hall  sup- 
poses them  to  range  between  the  Clinton  and  Oriskany  sandstone 
groups  of  New  York.  I  have,  in  the  present  summer,  made  surveys 
of  some  of  the  more  interesting  portions  of  this  district,  and  collected 
many  new  fossils,  which,  however,  have  not  as  yet  been  examined.  In 
some  parts  of  these  rocks,  the  general  fades  of  oiganic  life  is  remark- 
ably like  that  of  the  English  Upper  Ludlow. 

The  chronology  of  the  igneous  masses  which  have  penetrated  these 
beds,  is  only  as  yet  beginning  to  be  understood.  In  one  of  the  fossilif- 
erous beds  of  New  Canaan,  about  the  horizon  of  the  Niagara  group, 
there  are  pebbles  of  Amygdaloidal  trap,  and  associated  with  other 
neighboring  beds  there  are  interstratified  green  stones.  These  are  the 
oldest  igneous  rocks  that  I  know  in  Nova  Scotia.  The  whole  mass  is 
then  cut  by  dykes  of  greenstone  and  porphyry,  and  penetrated  by 
great  masses  of  white  granite  with  black  mica,  precisely  like  that  of  the 
eastern  townships  of  Canada  and  many  parts  of  New  England,  and 
probably  about  the  same  age.  This  granite  has  penetrated  veitical 
bands  of  these  rocks,  melting  the  edges  into  gnebs,  but  crossing  the 
beds  without  interfering  with  their  strike.  I  ascertained  for  the  first 
time  in  the  past  summer,  the  Devonian  age  of  the  granite  of  Nova 
Scotia,  by  observing  its  penetration  of  beds  at  least  of  Upper  Silurian 
if  not  of  Lower  Devonian  age ;  and  collected  many  curious  detaib  in 
reference  to  the  junction  rocks,  which  I  hope  to  throw  into  form  for 
publication  in  the  course  of  the  winter.  Lastly,  the  rocks  of  this 
group  have  been  again  penetrated  by  trappean  rocks  which  have  over> 
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flowed  among  the  Lower  carboniferous  conglomerates ;  and  probably, 
also,  in  a  few  instances  by  the  trap  of  the  New  Red  Sandstone. 

The  older  Silurian  rocks  of  Nova  Scotia  are  represented  by  an 
enormous  thickness  of  gray  qnartzite  and  clay  slate  in  very  thick 
bands,  occasionally  passing  in  the  vicinity  of  the  granitic  masses  which 
have  been  forced  through  them  into  mica,  schist,  and  gneiss.  These 
rocks  have  not  afforded  any  fossils,  and  seem  to  be  quite  destitute  of 
calcareous  matter.  They  may,  perhaps,  be  taken  as  representatives  of 
the  arenaceous  and  argillaceous  members  of  the  Lower  Silurian  series, 
without  the  limestones.  They  form,  with  the  intrusive  granite,  a  broad 
belt  along  the  Atlantic  coast  of  the  province ;  and  all  igneous  action 
appears  to  have  ceased  in  this  belt  before  the  close  of  the  Devonian 
period ;  a  circumstance  in  which  these  rocks  differ  from  the  Upper 
Silurian  and  Devonian  series  already  described. 

The  altered  rocks  which  I  have  supposed  to  be  Lower  Silurian,  are 
very  destitute  of  calcareous,  magnesian,  and  metallic  minerals ;  with 
the  single  exception  of  iron  pyrites.  Those  which  appear  to  be  Upper 
Silurian,  on  the  contrary,  contain  much  calcareous  matter  in  thin 
bands,  interstratified  peroxide  of  iron  with  fossil  shells,  and  large  veins 
containing  ferruginous  dolomites,  spathose  iron,  specular  iron,  and  sul- 
phurets  of  copper.  We  do  not  appear  to  have  any  representatives  of 
the  great  Silurian  limestones  of  the  United  States  and  Canada,  though 
these  occur  on  a  large  scale  at  no  greater  distance  than  the  neighbor- 
ing Province  of  New  Brunswick. 


8.  Gbolooical  Obsebyationb  on  the  Pluto-volcanic  Slope 
OF  THE  Sierra  Madre  along  the  Azimuth  Boundary  Line 
THROUGH  North-west  Sonora,  made  under  the  direction,  and 
communicated  with  the  permission  of  the  United  States  Commis- 
sioner, Major  W.  H.  Emort,  U.  S.  A.  By  Arthur  Schott," 
of  Washington,  D.  C. 

An  air  line  drawn  south-eastward  from  a  point  on  the  left  bank  of 
the  Bio  Colorado  del  Oeste,  twenty  miles  below  the  mouth  of  the  Gila  to 

(8) 
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the  intersection  of  the  meridian  of  111^  W.  longitade  from  Greenwich, 
and  the  parallel  31°  20'  north  latitude,  comprises  that  western  portion  of 
the  new  boundary  between  the  two  Republics  of  the  United  States  and 
Mexico,  which  was  lately  surveyed  and  established  under  the  proviaioiis 
of  the  so-called  '*  Gadsden  Treaty."  Geographical  terms  for  the  same 
section  of  boundary  line  would  be  "Sonorian"  or  "  Fimerian"  line, 
for  it  runs  through  that  north-western  part  of  Sonora,  which  bears  also 
the  old  Spanish  name  ^  Pimeria  Alta,"  that  is,  ^  High  Pimeria."  A 
geodetic  name  for  the  same  stretch  of  line  would  be  ^  Azimuth  line," 
because  it  intersects  in  an  oblique  direction  from  south-east  towards 
north-west  all  the  meridians  and  paralleb  falling  in  with  it 

This  line  distinguishes  itself  from  the  eastern  portion,  which,  miming 
parallel  to  meridians  and  parallels  of  latitude,  crosses  north-eastern 
Sonora  and  Chihuahua,  and  finally  terminates  on  the  banks  of  the 
Bravo  del  Norte,  a  little  above  El  Paso  del  Norte. 

Our  Azimuth  line,  then,  takes  its  course,  for  its  entire  length,  over 
the  eastern  slope  of  the  basin  of  the  California  Gulf,  following  there 
the  divortia  aquamm  between  the  Gila  and  those  streams  of  Ninth- 
western  Sonora,  which,  by  a  south-westerly  course,  drain  the  adjaoeDt 
country,  finally  shedding  their  water  into  the  gulf  just  mentioned. 

From  one  extremity  of  the  line  to  the  other,  that  is,  from  the  heights 
of  the  Sierra  del  Pajarito,  in  the  upper  part  of  the  Santa  Cruz  Bivcr 
vaUey,  to  the  initial  point  on  the  banks  of  the  Colorado,  the  line 
measures  233  miles  (round  number). 

As  to  figures  expressing  the  relative  value  of  the  hypsometrical 
features  of  the  country,  we  shall  have  to  be  content  with  but  approxi- 
mative numbers,  for  circumstances  have  prevented  actual  measurementB 
to  that  purpose. 

An  imaginary  line  drawn  from  the  most  elevated  point  of  the  Sierra 
del  Pajarito  about  200  or  300  yards  south  from  the  eastern  teiminus  of 
the  line  to  the  initial  point  on  the  Colorado,  exhibits  a  dip  of  about 
22.1  feet  to  one  mile,  or  an  equivalent  of  0.41  to  100.  The  point  of 
elevation  of  the  before-named  Sierra  is  supposed  to  be  5,000  feet  above 
the  waters  of  the  Colorado  next  to  the  initial  point.  Adding  the  dif- 
ference between  this  point  and  the  level  of  the  sea,  the  elevation  of  the 
Sierra  del  Piyarito  may  be  put  down  at  5,180  feet  This  point  does 
not  seem  to  reach  the  pine  region,  which,  in  these  latitudes,  may  be 
considered  as  from  about  5,500  to  6,000  feet  above  the  ocean. 
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The  surface  of  North-west  Sonora  is  characterized  by  a  monotonous 
simplicity  of  features,  and  if  it  were  not  for  close  examination,  even 
a  more  scrupulous  observer  would  not  be  able  to  discover  any  thing 
bat  a  mere  dualism  of  diluvial  drifl  and  pluto-volcanic  masses  of  rocks 
and  mountains. 

Along  a  very  considerable  portion  of  the  line  the  former  has  covered 
those  mountain  ranges  almost  to  their  top,  especially  those  approaching 
the  valley  of  the  Ck>lorado.  In  reality  the  western  section  of  our 
Azimuth  line  is  running  over  what  may  properly  be  styled  "  a  veiled 
country ; "  for  of  mountains  only  the  crests  and  summits  are  to  be  seen, 
occasionally  budding  out  from  those  desolate  sand  flats,  which  have 
buried  the  valley  of  the  lower  Colorado.  This  river  winds  its  course 
through  these  forsaken  barrens  of  drifting  sand  like  a  serpentine 
oasis,  bordered  by  comparatively  but  narrow  strips  of  timbered  bottom- 
land. 

The  mountains  ranging  across  that  drift  form  the  skeleton  or  frame 
of  the  geological  edifice  of  the  country,  whilst  the  diluvial  main  may 
be  looked  on  as  its  sinew  and  muscle.  If  we  go  further  in  the  comparison, 
the  alluvial  deposits  may  be  called  the  tegument  or  epidermis  of  the 
whole,  which,  to  be  sure,  is  most  poorly  represented.  This  natural 
deficiency,  however,  facilitates  the  observations  of  the  geologist,  who 
may  look  upon  this  country  as  if  it  were  prepared  and  laid  open  for 
analytic  investigation. 

As  its  uppermost  stratum  we  first  take  sight  of  the  alluvials,  of  which 
very  little  is  met  with  over  the  whole  country  except  at  the  extremities 
of  the  line.  The  larger  share  of  it  appears  in  the  bottom-lands  of  the 
Colorado;  next  to  these  come  the  regions  of  the  higher  mountains, 
whilst,  strange  to  say,  the  plains  are  in  this  respect  last  in  order. 

The  slopes,  and  generally  the  more  or  less  inclined  planes  on  the 
mountains,  are  sufficiently  rugged  and  rough  to  form  crevices,  dells,  and 
small  valleys  with  obstructed  outlets,  which  prevent  entire  deprivation 
of  alluvial  deposits,  aiid  form  a  condition  of  primary  importance  for 
the  development  of  vegetable  life,  of  which  the  almost  naked  plains, 
sufiering  under  the  sway  of  climatic  severities  and  the  devastating 
sweep  of  an  almost  continually  moving  sand,  are  a  sad  specimen. 

Few  traces  of  alluvial  soil  may  be  looked  for  at  the  so-called 
**  playas "  in  the  plains.  These  are  depressions  in  the  ground  either 
sank  or  washed  out,  and  at  the  greatest  vertical  distance  from  the 
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summits  of  the  mountains.  Into  these  hasins  the  aqueous  depoaU  of 
the  atmosphere,  together  with  the  lighter  partides  of  the  sontMinding 
soil,  are  carried.  In  many  cases  the  traveller  may  find  here  vegetar 
tion  more  developed,  which  then,  however,  consists  more  of  a  mass  of 
equals  than  a  diversity  of  genera  and  species. 

Frequently  such  an  apparently  premature  attempt  of  nature  to  pro- 
mote vegetable  life  is  sadly  counterbalanced  by  the  saline  charader  of 
the  soil,  and  then  a  prevalence  of  corresponding  forms,  as  (Mom$9 
Saliola,  ScUtcomtaj  and  others  analogous  to  them,  take  the  place  of 
Algarchioy  ProsopiSj  or  even  of  Saltx  in  corresponding  places. 

The  mainland  filling  up  the  levels  between  the  various  moantain 
ranges  is  constituted  of  a  more  or  less  uniform  deposit  of  loose  diluvial 
sand,  a  compound  not  essentially  differing  from  the  material  the  moun- 
tains are  composed  of.  So  we  may  call  it,  without  hesitation,  the  de* 
tritus  of  the  adjacent  mountains,  and  the  underlying  firmer  parts  of  the 
land.  As  to  the  mode  of  its  being  formed  and  distributed,  we  firmly 
believe  it  to  be  the  residue  of  a  once  intermediate  ocean,  at  the  time  a 
combining  link  of  the  Atlantic  and  Pacific  Oceans. 

Changes  in  the  composition  of  this  deposit  certainly  occur,  bat  thej 
appear  to  be  more  of  a  local  character,  and  a  certain  uniformity  per- 
vades the  whole.  Fragments  of  quartz,  mica,  febpar,  and  of  other 
crystalline  and  igneous  rocks,  together  with  particles  of  lime  compose 
this  almost  unbounded  stratum,  forming  a  vast  region  of  deserts  between 
the  eastern  foot  of  the  Califomian  cordiUeras  and  the  table-lands  border- 
ing the  eastern  shore  of  the  Bravo  del  Norte.  So  we  look  upon  it  as 
a  diluvial  ocean  a  thousand  times  intersected  and  protruded  by  those 
gigantic  walb,  dykes,  and  reefs,  which  we  know  to  be  those  mountain 
ranges  already  mentioned. 

In  the  immediate  vicinity  of  the  latter,  banks  and  isolated  beds  of 
pebbles  are  visible,  the  character  of  which  is  analogous  to  the  litho- 
logical  features  of  those  mountain  parts,  whence  they  are  derived. 
These  pebbles,  however,  are  not  be  confounded  with  other  similar 
looking  pebble  banks,  which  appear  occasionally  right  in  the  centre  of 
those  desert  basins,  especially  along  certain  water  beds,  which  at  present 
may  have  served  out  their  purpose,  or  may  still  be  the  dry  channels  for 
passing  off*  rain-water  currents. 

Pebble  beds  of  the  first  order  are  the  result  of  the  disintegrating 
agencies  of  the  atmosphere  upon  the  faces  of  the  mountains,  and  are 
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deposited  not  far  from  the  place  whence  they  originated,  whilst 
those  of  the  second  order  seem  to  be  the  gatherings  of  an  immense  area, 
consisting  of  different  pieces,  remoyed  from  most  diverse  and  often  very 
remote  geographical  quarters.  A  wide-spreading  medium  must  have 
gathered  a  compound  of  so  heterogeneous  constituents.  In  these  sand 
beds  we  find,  for  instance,  in  loose  pieces,  limestones  of  different  age 
and  thrown  together,  where  almost  every  geological  era  is  represented 
by  from  carboniferous  up  to  fresh-water  forms.  We  also  find  here  all 
kinds  of  opal,  chalcedony,  agate,  jasper,  slates,  and  other  siliceous  and 
silicified  forms,  breccias,  conglomerates,  either  crystalline  or  amorphous. 
There  are  placed  together  silicified,  agatized,  or  opalized  fragments  of 
*wood,  side  by  side  with  mere  incrustations,  either  metamorphic  or  un- 
changed, and  quite  of  late  date.  On  another  spot  we  may  observe  a 
semiopal,  consisting  entirely  of  fossil  shells,  the  age  of  which  is  readily 
recognized  by  numerous  Nummulites  associated  with  them.  With  the 
band  we  may  take  up  an  agate  abounding  in  the  neatest  fragments 
of  encrinitic  or  coralline  forms,  whilst  our  foot  touches  pieces  of 
jasper  or  hornstone,  in  which,  by  means  of  a  common  glass  lens,  grain 
and  texture  of  some  coniferous  wood  can  be  perceived.  Not  uncommon 
are  also  large  fragments  of  wood  opal,  also  exhibiting  ligneous  texture, 
though  with  the  traces  of  granulation  entirely  vanished  away.  Also 
-glass  opal  or  hyalite  containing  casts  and  marks  of  coralline  forms ;  or 
pisolites,  either  unchanged  or  metamorphic,  as  if  indicating  the  making 
of  a  loadstone. 

The  deserts  on  both  sides  of  the  Colorado  and  along  the  Gila  abound 
in  such  pebble  beds,  surrounded  by  that  same  above-described  uniform 
sand,  by  which  they  become  occasionally  entirely  buried,  or  from 
under  which  they  are  redeemed  again  by  the  play  of  the  atmospheric 
currents. 

For  the  scientific  observer,  fragments  of  the  mentioned  character  are 
the  pearls  of  this  vast  terrestrial  ocean,  which  must  have  formed  once 
the  bottom  of  an  aqueous  waste  of  the  same  dimensions,  and  under  the 
sway  of  which  these  pebble  beds  must  have  been  collected.  Since  the 
-waters  have  receded  from  this  area,  another  ocean  of  more  substantial 
nature  is  waving  here.  Now  the  aerial  currents  are  driving  the  shifting 
sand  about,  as  it  once  moved  with  the  waves  of  the  ocean.  At  present 
only  local  alterations  take  place,  moving  the  sand  from  one  place  to 
another.    The  level  of  these  deserts  must  undoubtedly  have  been  dis- 
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turbed  since  they  were  deposited.  Besides  the  general  declination  of 
the  western  slope  of  the  Sierra  Madre  towards  the  Galf  of  California, 
an  increased  declination  of  stratum,  round  the  base  of  intercepting 
mountains,  is  visible.  This  deviation  from  the  angle  of  general  ascent 
from  the  Colorado  towards  the  Sierra  Madre  does  not  affect  the  mean 
angle  of  declination,  which  the  diluvial  main  exhibits,  but  we  maj 
ascribe  the  former  solely  to  the  deposition  of  debris  from  the  mountains. 

The  angle  formed  by  the  rising  of  the  diluvial  deposits  and  the  base 
of  the  mountains  in  the  Santa  Cruz  River  valley,  at  the  foot  of  the 
Sierra  Santa  Rita,  was  found  to  be  =  2.5^. 

The  general  ascent  of  country  is  a  more  essential  proof  of  the  up- 
heaving of  the  country  since  the  deposition  of  the  quaternary  strata  or 
the  diluvial  drift.  A  line  placed  upon  its  plane,  from  the  valley  of  the 
Colorado  to  that  point  of  the  Sierra  del  Pajarito  where  diluvial  depos- 
its cease,  that  is,  about  1,100  feet  below  the  highest  point  of  elevadoa 
of  said  sierra,  rises  to  about  3,900  feet,  which  makes  12.44  feet  per 
mile,  or  an  equivalent  of  0.23  to  100. 

Some  valleys  may  exist  heading  on  the  slopes  of  the  Sierra  dd 
Pajarito,  through  which  diluvial  deposits  are  rising  still  higher,  but 
such  exceptions  do  not  affect  the  average  of  general  ascent.  The  rel- 
ative and  absolute  elevation  to  which  this  diluvial  main  rises  in  its 
approach  to  the  Sierra  Madre,  forms  a  striking  peculiarity  in  the  feat- 
ures of  the  country.  With  a  gradual  ascent  it  furnishes  a  natural 
bridge  almost  over  the  whole  height  of  those  rocky  mountains,  the  rag- 
ged crests  of  which  otherwise  would  have  remained  inaccessible. 
Whilst  offering,  however,  such  an  advantage  to  man's  purposes  on  one 
side,  it  involves  on  the  other  side  very  serious  evils.  For  it  covers  like 
tt  thick  veil  all  that  portion  of  country,  which  for  its  level  character,  or 
at  least  for  its  very  small  declivity,  should  form  the  proper  field  for 
those  higher  faculties  of  nature  by  which  vegetable  and  subsequently 
animal  life  is  developed.  Instead  of  that,  however,  it  now  lies  pros- 
trated, a  geological  Sisyphus,  having  water  at  its  base,  and  seeing  water 
treasured  up  in  the  clouds  without  being  able  to  receive  and  appropri- 
ate  it.  Even  those  few  rains  falling  during  a  short  season  upon  it  are 
instantly  swallowed  up  by  the  bottomless  sand,  leaving  no  marks  of 
having  been  any  way  beneficial. 

The  few  periodical  water  streams  descending  firom  the  rugged  moan- 
tain  slopes,  share  the  same  fate  with  the  scanty  gatherings  of  the 
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clouds  falling  apon  this  drift  land.  Immediately  afler  reaching  it,  they 
disappear  from  the  surface,  sinking  to  unknown  depths,  leaving  marks 
of  a  rudimentary  drainage  only  in  the  nearest  yicinity  of  the  mountains. 
Here  bunches  of  shrubbery  and  trees  border  the  usually  dry  water 
beds  of  the  country.  The  blessings  of  water  are  lost  upon  these  plains 
almost  entirely,  like  ill-trusted  alms  in  the  bottomless  pocket  of  an 
unworthy  beggar. 

The  vegetation  peculiar  to  the  surface  of  this  desert  is  much  like 
that  of  corresponding  localities  on  the  east  slope  of  the  Sierra  Madre. 
Besides  a  number  of  smaller  and  more  inconspicuous  forms,  the  Larrea 
Jfextcanoy  Fouquiera  spinoio^  several  Olnones,  and  other  chenopodi- 
aceous  shrubs,  and  quite  a  number  of  papilionaceous  and  mimosaceous 
herbs,  shrubs,  and  trees,  together  with  various  members  of  Cactacese 
occur  through  these  desert  regions,  familiar  to  every  traveller  who 
has  once  passed  over  these  plains. 

We  pointed  above  to  the  simple  plan  upon  which  nature  has  con- 
structed the  firmer  parts  of  the  country,  that  is,  its  rocky  frame  or 
skeleton.  To  come  to  the  underlying  strata  upon  which  the  diluvial 
deposits  are  placed,  we  have  to  step  very  deep  at  once,  for  constituents 
of  the  secondary  era  seem  to  be  lacking  wholly.  Crystalline  rocks  of 
primary  and  transition  age,  metamorphic  and  unaltered,  form  the  vast 
bed  upon  which  the  upper  strata  are  placed.  This  foundation,  how- 
ever, does  not  form  an  even  plane  varying  in  its  inclination,  but  its 
surface  appears  manifoldly  broken,  protruded,  and  turned  up  by  erup- 
tive masses,  thus  rising  in  many  places  above  the  level  of  the  diluvial 
plains.  The  mighty  sierras  now  forming  the  skeleton  of  our  geological 
edifice  have  been  shaped  in  the  same  way.  In  regard  to  their  petro- 
graphic  character  we  may  distinguish  them  as  pluto-volcanic. 

With  the  hypsometric  features  of  these  mountain  ranges,  three  im- 
portant characteristics  are  connected.  These  are:  1.  Parallelism 
among  themselves,  and  also  congruity  of  bearing  to  the  range  of  the 
western  coasts ;  2.  Articulation ;  and  3.  Petrographic  uniformity. 

The  parallelism  among  the  various  mountain  ranges,  and  also  the 
striking  reference  of  their  bearing  to  the  western  coast,  is  a  fact  much 
better  known  than  the  laws  under  which  nature  has  effected  it 
Whether  the  linear  extension  of  the  longitudinal  axis  of  these  moun- 
tains was  caused  by  a  combined  action  of  electro-magnetic  forces  and 
the  tidal  oscillations  of  the  oceans,  influenced  and  modified  by  isotherm 
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mal,  isodinic,  and  isodynamic  currents,  we  are  not  able  to  decide,  and  so 
we  offer  the  following,  though  a  mere  theory  founded  upon  obeervatioiu 
made  on  the  spot  Perhaps  after  the  first  onset  of  that  peculiar  ree( 
or  dyke  formation,  probably  a  primary  response  of  volcanic  forces  to 
the  action  of  positive  and  negative  electro-magnetism,  a  preliminary 
deposition  of  crystalline  primary  and  transition  rocks  took  place,  followed 
by  the  precipitation  of  sedimentary  strata.  At  this  time  igneous  foitei 
no  doubt  prevailed,  and  therefore  the  order  of  strata  are  throughout 
either  of  crystalline  or  of  compact  lava-like  character. 

In  the  course  of  those  events  the  increasing  volcanic  debris  became 
one  of  the  agents  to  limit  the  heretofore  free  power  of  volcanic  forcei, 
promoting  the  counter  actions  of  aqueous  forces.  Exogenous  growth 
increased,  whilst  endogenous  outcrops  became  confined.  The  wateiS) 
with  their  sediment,  commenced  locking  up  the  volcanic  fiasures,  whilst 
the  fires  had  to  seek  other  outlets,  at  the  same  time  combining  with  their 
vertical  vibrations  horizontal  oscillatory  motions.  To  this  we  may 
ascribe  the  formation  of  those  long  reef  and  dyke-like  mountain  ranges, 
perhaps  orographical  meridians,  which  appear,  however,  often  abruptly 
intercepted  by  cross  valleys,  dykes,  or  reefs,  formed  by  different  rocks. 
Such  articulation  may  have  been  conditioned  by  the  natural  divisions  of 
strata,  that  is  to  say,  stratification,  clearage,  and  lamination,  infiuenoed 
again  by  the  aqueous  interoceanic  currents,  which  must  have  acted 
powerfully  before  all  the  walls  separating  the  Pacific  and  Atlantic  now 
were  entirely  closed.  Considering  such  mode  of  formation,  we  cannot 
wonder  at  the  diversified  combination  of  plntonic,  volcanic,  and 
neptunic  rocks,  as  they  are  in  fiict  represented  in  the  orographical  sys- 
tem along  our  Azimuth  line.  We  also  cannot  be  surprised  in  peroeiv* 
ing  the  close  petrographic  relationship  existing  between  all  the  dife^ 
ent  sierras,  because  they  rose  altogether  irom  one  pluto-volcanic  focos, 
and  were  formed  very  likely  surrounded  by  one  general  medium  that 
was  in  a  state  of  submersion. 

To  what  degree  our  theory  may  agree  with  the  geological  data  ac^ 
ually  seen  and  observed,  a  special  survey  of  the  mountain  ranges 
akmg  our  Azimuth  line  may  show.  Before  entering,  however,  upoa 
this  subject,  we  propose  a  few  remarks  on  some  Spanish  terms,  which 
identify  their  objects  with  so  much  precision,  that  we  should  not  like 
to  part  with  them,  lest  we  should  be  compelled  to  use  insufiicient  ci^ 
cumlocutory  words  in  their  place. 
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We  refer,  then,  to  the  following  words :  CordiUera^  Sierra,  OuchiUo^ 
Picaeho^  Puerto^  OaiUm,  LomOy  Mesa,  CXenaga,  Oharco,  and  Tinaja* 

CcrdiUera  means  a  long  moantain  range  composed  of  several  paral- 
lel running  integrating  ranges,  which,  however,  occasionally  can  be 
intersected  by  cross  valleys  and  passes.  The  characteristic  of  the 
term  is,  that  a  Cordillera  is  formed  by  two  or  more  ranges  constituting 
one  orographical  body,  as  a  cord  consists  of  several  strings  twisted 
together.    Cordillera  and  cord  are  formed  upon  one  root. 

Sierra  m^ans  a  saw,  or  a  mountain  range  with  a  serrate  crest,  and 
of  a  reef,  dyke,  or  wall-shape.  The  cross  diameter  of  both  the  Sierra 
and  the  CordUlera  is  generally  very  small,  compared  with  their  longi- 
tudinal axis. 

OuekiUa  is  a  branch  or  outrunner  of  a  sierra,  partaking  in  its 
physiography  with  the  latter.  Its  sharp-edged  crest  probably  caused 
the  name  Cuchilla,  which  stands  upon  the  same  root  with  cuchillo,  signi- 
fying knife. 

Picacho  signifies  a  sharp,  tapering,  or  obelisk-like  peak,  with  the  cross 
and  long  diameter  in  a  similar  disproportion  as  for  a  Sierra  or  Cor- 
dillera. 

Puerto,  a  gate,  gap,  or  port  Its  topographical  meaning  here  is,  an 
open  pass  over  or  through  a  mountain  ridge,  not  of  any  length,  as  in,  for 
instance,  a  causeway  or  caHon. 

Cafion  is  a  mountain  pass  or  define  with  no  outlets  on  either  side. 

Lama  is  a  long  narrow  mountain  or  hill-ridge,  with  a  level  horizon ; 
Lomita  is  but  the  diminutive  form  of  it. 

Mesa  table  means  here  table-mountain  or  table-ridge,  the  top  of 
which  is  of  a  wide  horizontal  extent ;  mesilla  is  the  same  on  a  smaller 
scale. 

Malpdis,  Bad  land  or  mauvais  terre  of  the  French.  In  Sonora 
it  is  exclusively  applied  to  mesas,  lomas,  or  any  table-land  constituted 
of  large  beds  of  igneous  rock  mostly  compact  or  vesicular  black 
trap. 

Cienaga  is  a  valley  or  mountain  basin  with  an  obstructed  outlet  and 
hemmed  in  all  round  by  hills  or  mountains ;  thus  the  cienaga  abounds  in 
miry  or  swampy  places. 

Ckarcoy  a  water-pool  found  usually  in  lower  and  level  places.  They 
are  formed  either  by  the  decay  of  rocks  or  by  washing  out  of  beds 
of  clay. 


S4  NATUBAL  HI8T0BT. 

T%naJ€Lj  a  water-hole  in  solid  rock,  and  nsuallj  met  with  in  the 
crevices  and  ravines  of  rocky  mountsdns.  The  word  applies  originaUj 
to  an  earthen  jar  not  glazed  so  as  to  allow  exudation  of  the  contents,  bj 
which  means  the  water  inside  remains  cool. 

After  this  we  may  proceed  with  a  review  of  the  various  sierras, 
which,  by  following  our  Azimuth  line  from  south-east  to  north-west,  we 
shall  have  to  cross. 

The  eastern  terminus  of  our  Azimuth  line  on  the  north  slope  of  the 
Sierra  del  Pajarito  shows  crystalline  transition  rock  either  metamor- 
phic  or  unchanged,  and  also  trachytic  and  porphyritic  strata  or  else 
metamorphic  forms  of  granite  and  syenite.  Some  of  the  more  eld* 
vated  parts  exhibit  very  rough  masses  of  a  cellular  texture,  whilst  the 
lower  are  more  solid  and  smooth  in  the  water  beds,  even  polished. 
The  color  is  dull  red  or  subdued  light  pink.  These  rocks  also  abound 
in  crystals  of  glassy  felspar,  and  occasionally  particles  of  augite,  thus 
answering  to  the  frequent  occurrence  of  syenitic  granite.  The  foot  of 
this  sierra  is  on  the  north  side  washed  by  a  small  mountain  stream, 
which  is,  however,  during  the  most  part  of  the  season  dry,  with  the 
exception  of  few  choreas  and  Hnajaty  which  are  formed  in  solid  masses 
of  rock.  The  hed  of  this  little  stream  is  lined  with  a  singular  forma- 
tion, apparently  of  later  age.  At  first  sight  we  looked  upon  it  as  if  it 
were  fresh-water  lime  overlying  or  placed  alternately  with  a  certun 
volcanic  breccia,  the  matrix  of  which  is  much  like  the  just  mentioned 
formation.  Perhaps  it  is  really  a  volcanic  mortar,  in  which  large  and 
angular  fragments  of  amygdaloid  and  porphyritic  rocks  are  imbedded. 
This  same  compound  forms  throughout  the  lower  portion  of  the  before- 
mentioned  valley  one  solid  cemented  mass,  hemming  in  coium-like  the 
course  of  a  torrent  between  vertical  walls  of  an  average  height  of  30 
to  50  feet  The  color  of  these  masses  is  a  brownish  yellow,  with  an 
ash  gray  crust  The  latter  looks  as  if  it  were  the  result  of  a  process 
of  calcination.  In  some  spots  where  this  crust  was  found  decaying 
out,  a  marl-like,  mealy  powder,  like  chalk,  could  be  scratched  out  from 
the  inside.  Upon  further  ii^vestigation,  also,  trappitic,  amygdaloid,' and 
porphyritic  rocks,  at  whatever  elevation  they  had  been  taken  up,  were 
found  with  a  cream  or  mortar-like  paste  of  carbonate  of  lime  adhering 
to  them  or  filling  the  otherwise  empty  cavities  of  vesicular  or  else  porous, 
igneous  rocks.  From  this  we  conclude  that  carbonate  of  lime,  in  some 
form,  must  have  been  an  ingredient  in  the  formation  of  this  strata  cf 
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later  date.  In  the  east  slope  of  the  Sierra  del  Pajarito,  in  a  yallej 
called  <<Lo8  Nogales"  (the  walnuts),  similar  strata  border  the  course 
of  a  little  stream  on  one  side  forming  a  continuing  winding  low  bank 
or  terrace  from  six  to  ten  feet  high,  exhibiting  horizontal  stratification^ 
and  on  the  other  side  covering,  to  some  extent,  the  slopes  of  the  sur^ 
rounding  mountains  and  hiUs,  constituted  of  crystalline  transition  rocks. 
On  these  hill-sides  these  apparent  limestone  strata  form  shelve^like  beds 
coating  over  those  rocks  of  higher  age.  These  shelves  are  dipping 
towards  the  valley.  Their  texture  shows  plainly  lamination.  Further 
east  from  Los  Nogales,  that  is,  in  the  Santa  Cruz  River  valley,  the 
'  same  formation  seems  to  be  still  more  boldly  developed.  To  the  south 
and  towards  the  south-easternmost  link,  the  same  Cordillera  that  is  on 
the  strike  side  of  the  Sierra  Santa  Barbara,  and  also  still  further  down 
into  Sonora,  strata  of  the  same  nature  abound  through  all  the  valleys 
drained  by  running  water. 

The  volcanic  breccia,  occurring  also  and  in  abundance  in  most  of 
those  water-leading  valleys  and  ravines  of  the  Sierra  del  Pajarito, 
rises  from  forty  to  fifty  feet  under  an  angle  from  upwarda  of  45^  to 
vertical  walls.  Some  pieces  of  this  mass  were  tried,  heated  in  a  large 
log  fire,  and  then  thrown  into  cold  water,  upon  which  they  showed 
much  efiervescence,  but  without  going  to  pieces. 

To  the  north  and  north-west  of  this  mountain  range,  with  its  bearing 
irom  east  to  west,  the  Sierra  Janos  is  rising  up  in  bold  terraces  of  a 
dark-red  brown  amygdaloid  trap,  or  trap-porphyry.  The  broadest 
terraces  are  along  its  lower  regions.  The  edge  of  each  of  these  gigan- 
tic shelves  is  bordered  with  outstanding  rocks,  reefs,  dykes,  pinnacles^ 
clifid,  in  the  most  fantastic  manner.  The  level  of  the  terraces  declines 
towards  the  main  body  of  the  sierra;  thus  a  series  of  parallel  running 
lateral  sierras  are  formed.  The  most  elevated  part,  the  central  stock, 
forms  a  huge  table-bbck,  exhibiting  on  its  south  and  west  side  distinct 
marks  of  stratification,  cleavage,  and  lamination.  These  marks  inter- 
sect each  other  vertically,  and  so  the  whole  mass  resembles  a  veritable 
mason-work,  the  rectilinear  fissures  of  which  are  visible  at  a  distance  of 
Irom  ten  to  fifteen  miles.  The  vernacular  name, ''  Janos,"  has  thus  as 
little  to  do  with  the  physiography  of  these  mountains,  as  Pajarito  has  with 
the  former.  The  one  means  a  little  bird,  the  other  a  certain  shrub. 
The  latter  may  have  some  physical  reference  to  the  sierra  to  which 
this  name  is  fixed.    Janos  signifies  in  the  Papago  language  a  species 
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of  chilopsis,  which  grows  in  superabundance,  in  analogous  localities,  aO 
over  those  regions.  The  striking  resemblance  of  the  central  block  of 
this  sierra  to  mason-work,  would  certainly  justify  the  repetition  of  the 
more  appropriate  name, ''  de  los  ladnllos,''  (of  the  bricks,)  for  it  agrees 
in  its  appearance  with  the  description  of  a  portion  of  the  PemTian 
volcano  Pichincha,  given  by  Humboldt.  A  similar  petrographic  phe- 
nomenon is  mentioned  there,  w^ith  the  only  difference,  that  the  rock  on 
the  Peruvian  mountain  consists  of  some  kind  of  pitchstone-cleaving  ore, 
laminated  in  its  vertical  slabs  or  layers.  This  makes  the  strata,  at 
a  distance,  appear  like  mason- work,  and  gave  rise  to  the  name,  "  de 
los  ladrillos,"  among  the  inhabitants  of  Quito. 

On  the  northern  foot  of  the  Sierra  Janos,  another  group,  though 
upon  the  same  longitudinal  axis,  is  annexed,  forming  clearly  with  both 
the  former  one  body  or  one  sierra,  ranging  south-east  and  north-west, 
and  bordering  the  lefl  bank  of  the  Santa  Cruz  River.    The  three  links 
of  this  sierra  have  a  common  dip  and  strike ;  the  former  being  in  an 
easterly  direction,  and  on   the  sierras   Janos  and  Atascosa  from  5** 
upwards  to  25^;  the  latter  faces  the  westerly  r^ons,  and  falls  off 
vertically,  in  bold  terraces.     The  petrographic  character  of  the  Siem 
Atascosa  seems  to  fall  close  together  with  that  of  the  Janos,  and  as 
they  are  also  so  closely  connected,  they  may  be  considered  as  twins. 
The  mountain  range  formed  of  these  three  sierras  terminates  on  the 
north-western  slope  of  the  latter,  where  a  valley  intersects  an  immedi- 
ate connection  with  tlie  Sierra  del  Babuquibari  in  the  north-west. 
This  valley,  communicating  on  the  east  side  only  by  a  narrow  pass 
with  the  valley  of  the  Santa  Cruz  River,  is  one  of  those  intersectioiis 
separating  the  Cordilleras  and  sierras  of  the  country  into  articulated 
mountain  bodies.    The  valley  itself  bears  the  name  of  Aribac,  or  Ari- 
baca,  from  a  deserted  Mexican  settlement,  situated  there.     Good  and 
constant  spring  water  is  found  here,  which  may  cause  sometime  the  rees- 
tablishment  of  the  rancho,  after  security  against  the  marauding  Apaches 
shall  be  realized.      The  name  "Aribac"  is  undoubtedly  of  Papago 
origin,  though  we  could  not  ascertain  its  meaning.     The  slope  of 
the  Sierra  Atascosa,  towards  this  valley,  is  formed  by  igneous  toAb 
and  peaks,  towering  up  in  the  most  odd  and  grotesque  shape.    This 
locality  also  bears  the  name  '^  Mai  pais,"  which  it  certainly  deserves, 
considering  the  rugged  character  of  this  slope  of  igneous  rocks.    Atas- 
cosa, the  name  referring  to  the  whole  of  this  sierra,  means,  ^  miry," 
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or  "  stick  in  the  mire."  We  know  not  whether  thia  name  really  points 
to  the  petrographic  character  of  these  mountains,  which  is  indeed  most 
likely,  because  they  appear  as  if  they  had  once  risen  out  of  a  boiling 
volcanic  pool  during  some  chaotic  era. 

The  absolute  height  of  these  three  sierras  above  the  level  of  the 
Santa  Cruz  River  seems  to  be  pretty  nearly  equal,  though  the  highest 
points  of  the  Sierra  Janos  looked  to  me  as  if  they  commanded  all 
others. 

An  round  the  Sierra  del  Pajarito  smaller  and  larger  springs  abound, 
bat  their  course  is  more  or  less  concealed,  and  it  wants,  therefore,  the 
expert  eye  of  an  Indian,  Mexican,  or  hunter  to  find  them,  especially 
during  the  latter  part  of  the  dry  season,  that  is,  from  April  to  a  part  of 
July.  On  all  sides  of  this  sierra,  from  its  base  to  the  summit,  vege- 
tation is  well  developed.  All  the  slopes  and  valleys  abound  in  good 
grazing,  and  a  dense  growth  of  shrubbery  and  trees  covers  the  rough 
surface  of  those  mighty  slopes,  cut  up  into  thousands  of  little  valleys, 
ravines,  and  crevices.  Three  or  four  different  evergreen  oaks  are  met 
with  on  this  sierra,  among  them  the  '^  vellote  "  of  the  Sonorians,  with 
sweet,  eatable  acorns.  A  species  of  cedar  appears  in  the  more  elevated 
parts,  which,  however,  does  not  seem  to  reach .  the  pine  region  fully. 
A  few  years  ago  the  fauna  of  this  country  was  characterized  by  hun- 
dreds of  heads  of  wild  cattle  roaming  through  these  grassy  valleys,  but 
they  have  since  been  exterminated  by  the  restless  hunter.  According  to 
its  physiographical  features  the  Sierra  del  Pajarito  partakes  in  the  good 
things  of  the  Sierra  di  Santa  Cruz,  and  all  the  various  links  of  those 
sierras  belonging  to  one  system  with  the  Sierra  Madre,  farther  east. 
£ven  in  respect  to  metals  the  Sierra  del  Pajarito  is  not  left  behind. 
Whilst  in  camp  at  "  Los  Nogales,"  Major  W.  H.  Emory,  United  States 
Commissioner,  received  several  fine  pieces  of  very  promising  looking 
silver  ore,  obtained  in  the  immediate  neighborhood  of  that  place. 

On  the  top  of  the  Sierra  del  Pajarito  we  find  ourselves  on  the  vertex 
of  a  dividing  ridge,  sending  water  by  the  Santa  Cruz  River  north-west 
to  the  Gila,  and  south-west  towards  Presidio  del  Altar,  and  other 
places  in  that  direction.  We  have  dwelt,  intentionally,  longer  upon 
the  features  of  this  sierra,  because  of  its  being  hypsometrically  and 
geognostically  best  developed  among  all  the  sierras  coming  to  sight 
hence  west  towards  the  Gulf  of  California. 
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The  Sierra  del  Fajarito  forms  a  t3rpe  and  a  standard  for  the  oompw- 
atire  review  of  the  rest. 

Viewing  the 'country  towards  the  gulf  from  the  western  peaks  of  the 
Sierra  del  Fajarito,  a  wild  and  rugged  net  of  mountains  lies  spread  out. 
Notwithstanding  their  being  constituted  of  similar  crystalline  and 
transition  rocks,  they  do  not  rise  so  high  as  the  former,  but  being  in 
long  ridges,  closely  packed  together,  and  dipping  uniformly  towards 
the  south-west,  they  form  a  kind  of  mountain  relief,  the  grandeur  of 
which  lies  more  in  its  uniform  wide  extension,  than  in  the  peculiarity 
of  shape. 

At  a  distance  of  about  sixteen  miles  another  sierra  of  igneous  rodcs 
is  visible.  Between  this  and  the  last  one  we  spoke  of  very  little  drift 
is  met  with,  and,  where  it  appears,  we  find  it  always  confined  to  vaUeys, 
until  we  come  half  way  between  both  sierras.  Here,  by  the  action  of 
water  currents,  mesas  and  kmuu  have  been  formed,  rising  to  the  height 
of  from  40  to  50  feet. 

The  waters  running  from  here  south-east  soon  join  those  oomiBg 
from  the  east  slope  of  the  Sierra  Escondida,  a  small  distance  south  of 
the  line,  near  a  place  where  in  a  hidden  deep  cleft  between  igneous 
amygdaloid  rocks  permanent  water  is  found.  This,  however,  seeoiB 
not  to  be  a  spring,  but  a  tinaja  supplied  by  the  trickling  down  of  water 
from  Hnajas  situated  above.  The  character  of  this  place  caused  the 
name  '^  Escondida,"  meaning  here  the  concealed  water,  but  it  is  applied 
to  the  whole  sierra.  This  range,  according  to  its  orography,  is  but  a 
gigantic  volcanic  dyke,  here  towering  up  with  an  isolated  rugged  crest 
of  igneous  rocks  (amygdaloid  and  porphyritic),  and  there  intercepted 
or  overlaid  by  overthrown  and  contorted  crystalline  strata  of  a  coarse- 
grained felspathic  sienite,  mostly  metamorphous.  The  cross  diameter 
of  this  sierra,  where  it  is  intersected  by  our  Azimuth  line,  exceeds 
scarcely  one  mile  in  length.  It  is,  however,  on  both  sides  bordered  by 
the  quaquaversal  upheavings  of  those  crystalline  beds  just  mentioned. 

Near  the  spot,  where  three  singularly  looking  peaks  mark  the  localitj 
of  that  hidden  tinajay  we  visited  the  top  of  the  sierra,  which,  in  bar- 
renness, far  surpasses  the  Sierras  Pajarito,  Janos,  and  Atascosa. 
Some  parts  of  the  table-like  planes  and  also  the  slopes  are  covered 
with  large  patches  of  white  chalcedony  in  the  shape  of  scoria.  The 
southern  part  of  this  sierra  exhibits  a  more  horizontal  arrangement  ai 


6E0L0GT.  89 

if  its  disposition  bad  been  made  in  a  state  of  submersion.  Here 
black  vesicular  trap  prevails,  forming  ridges  and  cross  banks,  and 
fnrtber  below,  lomas  and  mesas.  The  topography  of  the  country  seems 
to  indicate  here  the  junction  and  gathering-place  of  a  number  of  moun- 
tain streams  and  torrents. 

The  boundary  line  crossing  the  Sierra  Escondida^  passes  over  its 
crest  a  little  to  the  north  of  a  conspicuous  peak,  the  highest  point  of  the 
whole  range.  This  peak,  belonging  to  the  State  of  Sonora,  received, 
dierefore,  the  boundary  name  '^  El  Cerro  di  Sonora." 

A  group  of  low  granitic  hills,  a  western  upheaval  of  the  Sierra 
Esoondida,  furnishes,  near  the  line,  several  water  places  well  known  to 
the  natives  of  the  country,  the  Papago  Indians,  Mexicans,  and  Apaches. 
Some  of  them  are  mere  tinajas  and  charcas,  others  seem  to  be  real 
springs.  They  are  liable  to  become  sometimes  dry  before  the  setting  in 
of  the  rainy  season.  A  heavy  hail  and  thunder-storm  our  party  encoun- 
tered here  occasioned  the  name  ^'  del  granizo  "  for  this  little  mountain 
group.  This  same  meteoric  incident  furnished  a  proof  how  little  time 
ji  requires  to  submerge  all  the  adjacent  valleys  under  the  most  terrible 
sweep  of  mountain  torrents.  Our  camp  at  the  time  was  near  the  head 
of  a  ravine,  and,  notwithstanding  the  short  range  of  the  latter,  afler  an 
elapse  of  not  more  than  &Ye  minutes  hail  and  rain  had  created  a  water 
current  of  at  least  five  feet  average  depth,  thus  instantly  filling  up  the 
whole  rocky  bed  to  its  top.  The  granite  found  on  this  sierrita  is  white, 
very  coarse  grained,  and  richly  charged  with  large  plates  of  silvery 
mica.  It  is  also  occasionally  impregnated  with  an  addition  of  horn- 
blende. 

A  broad,  fiat  valley  nine  miles  wide  separates  the  Sierras  Escondida 
and  Granizo  from  the  Sierra  Yerde,  which  is  nothing  more  nor  less  than 
a  southern  spur  or  branch  of  the  Sierra  Babuqufbari  to  the  north  of 
the  line.  The  plains  bordering  the  various  dry  water  beds  of  this 
Talley  are  well  furnished  with  good  grass,  and  seem  to  be  the  resort  of 
plenty  of  game.  The  water  beds  themselves  are  bordered  by  a 
remarkably  rich  growth  of  oak  and  hackberry  (Altis).  The  Sierra 
Terde,  so  called  from  the  beautiful  verdure  encountered  in  the  shelter 
of  its  rugged  and  defied  valleys,  seems  to  be  formed  entirely  by  the 
same  felspathic  granite,  which  was  mentioned  for  the  east  slope  of  the 
Sierra  Escondida.  The  dip  and  strike  face  East  and  West.  The 
-width  of  the  sierra  is  scarcely  more  than  one  mile,  and  no  petrographic 
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novelties  are  here  met  with.  Its  longitadinal  axis  ranges  south-east 
and  north-west,  where  it  joins  the  bold  igneous  walls  of  the  Sierra 
Babuquibari,  at  a  distance  of  about  fifteen  miles  hence.  The  en- 
tire length  of  the  Sierra  Verde  scarcely  exceeds  twenty  miles.  Bound 
its  southern  end  some  trappitic  hills  and  mounds  cross  out  from 
the  diluvial  main.  At  the  same  locality,  right  under  the  steep  side  of 
the  sierra,  a  springs  finds  its  way  to  the  surface,  fitting  this  place  for  t 
general  camping-ground  for  roaming  Indians  or  traveUing  Mexicans. 
The  locality  itself  is  generally  known  to  the  inhabitants  of  the  countiy 
under  the  name  **  Pozo  Verde,"  (green  well). 

Almost  due  north  from  the  surveying  station  established  upon  the  crest 
of  the  Sierra  Verde  the  Picacho  of  the  Sierra  Babnqufbari  is  situated. 
This  is  one  of  those  orographical  phenomena  of  the  country,  the  sin- 
gularity of  which  could  not  fail  to  raise  the  attention  of  the  red  man. 
The  Papago  Indians  in  fact  consider  this  large  mountain  obelisk  their 
palladium,  where  they  take  refuge  in  times  of  famine,  drought,  war, 
or  any  other  general  calamity.  ^'  Babuqufbari,"  we  were  told,  signifies 
in  the  language  of  these  Indians,  ^  water  on  the  mountain,"  and  is 
formed  by  "babu"  water  and  "ari"  rock  or  mountain. 

The  increased  height  of  the  main  body  of  this  sierra,  and  especially 
the  bold  offset  of  a  large  obelisk  of  one  solid  mass  on  the  top  of  tliA 
former,  exercise,  very  probably,  an  increased  power  of  attraction 
upon  the  clouds,  which,  therefore,  gather  more  copiously  round  its 
head.  At  the  same  time  the  more  inaccessible  recesses  of  the  sierra 
aid  the  securing  of  welcome  water  stores  in  those  higher  regions. 

Viewing  the  country  westward  from  the  heights  of  the  Sierra  Verde 
another  wide  plain  is  visible,  which,  at  a  distance  of  from  twelve  to 
fifteen  miles,  is  intersected  by  another  mountain  range,  traversing  the 
country  in  that  invariable  bearing,  south-east  and  north-west  The 
eastern  half  of  this  intermediate  plain  seems  to  be  more  favorable  to  the 
development  of  vegetation  than  the  western  part,  which,  especially  in 
its  lower  portions,  is  entirely  deprived  of  fioral  life.  The  eastern  part 
abounds  in  grass  and  dense  brush-work,  besides  a  considerable  growth 
of  mosquito-wood,  whilst  the  western  seems  to  have  been  at  first 
divested  of  all  vegetables  by  the  destroying  tooth  of  small  troglodytic 
quadrupeds.  It  is  a  singular  fact  that  both  parts  of  this  plain,  a  short 
time  before  our  visit  there,  had  been  equally  benefited  by  copious  rain, 
and  notwithstanding  the  western  half  had  remained  a  naked,  barren 
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flat  Throagh  the  thickets  of  the  slope  under  the  Sierra  Yerde  we 
saw  flocks  of  black-tailed  deer,  which  seem  to  have  here  their  western 
limits,  whilst,  on  the  western  barren  half,  numbers  of  shj  antelopes 
freely  ranged  over  the  open  level.  No  doubt  the  physiography  of  the 
coantry  commences  here  to  change  to  its  disadvantage,  of  which  we 
shall  see  more  after  reaching  the  next  mountain  range ;  which,  unlike 
the  others  passed  until  now,  is  but  a  short  detached  group  of  hills  and 
mountains  budding  out  from  the  diluvial  main  like  an  island.  Though 
of  much  smaller  extent,  it  still  presents  the  same  petrographic  charac- 
ter by  being  a  binary  compound  of  igneous  and  crystalline  rocks,  the 
latter  taking,  we  believe,  the  larger  portion.  On  the  east  slope  simi- 
lar felspathic  granite  rocks  in  a  decayed  somewhat  metamorphic  state 
occur,  whilst  the  west  slope  exhibits  again  that  quartzose  quaternary 
granite  we  spoke  of  at  the  Sierrita  del  Granizo.  The  centre  part,  the 
spine  of  the  whole,  is  formed  by  amygdaloid  and  porphyritic  masses 
here  and  there  overlaid  or  otherwise  concealed  by  crystalline  strata, 
which  have  not  been  thoroughly  protruded  by  the  former.  The  north 
part  of  this  sierra  is  occupied  by  the  highest  peak,  rising  solitary  above 
the  others.  This  fall  to  the  north  of  the  boundary  line  received  the 
name  ^'  Cerro  de  la  Union,"  which  was  also  applied  to  the  whole  group. 
From  the  surveying  station  established  in  the  ptierto  of  the  Sierra  de 
la  Union,  we  look  east  and  west  as  from  a  physiographical  dividing 
ridge  upon  the  surrounding  country. 

Through  the  part  just  passed  over,  mountains  and  mountain  stretches 
prevailed,  leaving  but  a  small  share  for  the  distribution  of  diluvial  de- 
^sits,  but   hence   westward   levels   and  plains,  formed  by  drifting 
sand,  increase  and  consequently  sterility  and  desolation  become  a  ruling 
feature.     This  change  seems  to  be  caused  by  the  gradual  submersion 
of  the  mountain  ranges  under  the  level  of  the  diluvial  main.    Thus 
losing  width  and  length,  sierras  appear  now  but  as  interrupted  de- 
tached parts  of  mountain  ranges,  the  mutual  connection  of  which  only 
•can  be  guessed  at  by  their  general  geographical  bearing.     Cordilleras 
and  sierras,  as  we  shall  see  afterwards,  are  of  a  more  loose  texture  from 
the  increased  interspersion  of  drift  land.     Whilst  the  country  to  the 
east  resembles  an  aggregate  of   narrow  straits  bordered  by  long 
'  mountain  reefs,  the  land  ahead  begins  to  widen  and  become  like  the 
ontside  of  a  shallow  coast,  studded  all  over  with  small  rocky  islands  and 
cliffs,  the  scattered  pieces  of  reefs  and  dykes.    The  more  open  country 
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is  DOW  influenced  bj  the  climate  of  the  gulf  coast.  Certain  plants, 
apparently  real  desert  forms,  appear  first  on  the  west  slope  of  the 
Sierra  de  la  Union ;  among  them  two  leguminous  trees,  the  Palo  Verdi 
and  Pah  di  Hierro  of  the  Mexican.  We  notice  here,  also,  a  predomi- 
nance of  cacti,  which  we  may  not  improperly  call  the  corals  and  algae 
of  the  aerial  ocean. 

The  boundary  line  crosses,  at  a  distance  of  nearly  seventeen  miles 
of  desert,  a  comparatively  narrow  and  low  sierra  chiefly  constituted  by 
porphyritic  and  amygdaloid  rocks.  The  point  of  crossing  is  marked 
by  a  natural  monument,  a  fork  formed  by  two  bold  vertically  rising 
horns  of  solid  rock.  The  sierra  itself  is  a  northerly  continuation  of  a 
Cordillera  with  the  name  Ldbota.  The  word  seems  to  belong  to  the 
language  of  the  Papago  Indians,  who  have  several  large  settlements  in 
this  vicinity ;  the  meaning  of  the  word,  however,  did  not  become  known 
to  us.  About  three  quarters  of  a  mile  south  from  the  line,  a  ccaUm 
intersects  the  Sierra  de  los  Linderos,  through  which  the  western 
side  is  reached  without  much  difficulty.  In  this  natural  opening  a 
great  deal  of  crystalline,  primary,  and  transition  rock  is  developed, 
though  the  igneous  masses  maintain  at  the  same  time  their  suprem- 
acy. The  name,  *'  de  los  Linderos,"  was  given  to  this  sierra  on  account 
of  those  two  clifls  forming  a  fork,  through  which  the  line  passes, 
and  bringing,  one  to  the  American,  the  other  to  the  Mexican  side.  Lin- 
dero,  in  Spanish,  means  a  boundary  or  a  landmark,  and  therefore  the 
application  of  this  name  here. 

Another  desert  plain,  from  seventeen  to  eighteen  miles  wide,  sep- 
arates the  Sierra  de  los  Linderos  from  that  of  de  la  Naris.  Though 
both  of  these  mountain  ranges  appear,  petrographically,  very  near 
related,  there  exists  one  striking  difference  between  them.  The  former 
at  least,  at  our  point  of  crossing,  is  a  real  volcanic  dyke  at  its  base,  in 
some  places  bordered  by  upheaved  crystalline  strata.  Its  crest  of 
igneous  masses,  forced  through  a  body  of  fantastically  contorted,  partly 
shattered  walls  and  dykes  of  volcanic  rocks,  resembles  a  group  of  Titans, 
turned  into  stone  whilst  they  were  in  the  very  act  of  assailing  the 
heavens.  On  the  other  hand,  the  Sierra  de  la  Nariz,  consisting,  also^ 
of  nothing  but  igneous  masses,  (trappitic  and  porphyritic,)  appears  more 
to  be  the  result  of  simple,  less  intense,  uni-lateral  upheaving.  Its  crest, 
comparatively  even,  is  nothing  but  the  turned  up  edge  of  a  vast  bed 
of  volcanic  or  volcanized  rock,  dipping  in  a  north-easterly  direction, 
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\vhilst  its  strike  at  an  absolute  height  of  from  200  to  400  feet  is 
turned  west 

The  surface  of  its  easterly  slope  is  coyered  bj  a  thick  layer  of  loose 
boulders,  of  a  black  vesicular  trap.  On  the  strike  stratification  is  visi- 
ble even  from  some  distance,  the  layers  being  of  various  thicknesses, 
from  ^Ye  feet  and  lesa  up  to  twenty  and  twenty-five  feet.  The  Sierra 
de  la  Nariz  ranges  in  a  slightly  curved  line,  from  south-east  towards 
north-west,  where,  at  a  distance  of  about  eight  miles,  it  is  connected 
with  the  Sierra  del  Ajo,  of  which  it  appears  to  be  but  a  south-eastern 
ray.  Next  to  the  point  of  connection  between  the  two  sierras,  that 
of  the  de  la  Nariz  is  divided  into  two  subparallel  running  branches  of 
which  the  westernmost  is  only  short,  not  exceeding  ten  miles  in  length, 
whilst  the  eastern  range  continues  for  twenty  miles.  Near  the  inter- 
section of  the  boundary  line,  a  little  to  the  north,  quite  a  depression 
occurs,  where  the  sierra  hardly  reaches  &hj  feet  in  height  In  this 
vicinity  it  is  also  traversed  by  two  open  passes,  the  bottom  of  which  is 
almost  upon  a  level  with  the  diluvial  main.  The  vernacular  name 
of  this  sierra  is  Spanish,  and  means  ''nose;"  the  reason  of  its  application 
was  lefl  unknown  to  us. 

To  the  north  of  the  Sierra  de  la  Nariz  another  one  is  visible,  at  a 
distance  of  about  fifteen  miles,  which  is  the  width  of  the  intermediate 
level  valley.  It  seems  to  be  perfectly  analogous  in  its  petrographic 
character  to  the  one  of  de  la  Nariz,  having  dip,  strike,  and  stratification 
the  same  with  the  latter.  Both  these  sierras  are  accompanied  by  a  num- 
ber of  little  trap-mounds,  reaching  out  at  the  base  of  the  former,  from 
the  level  of  the  valley,  not  rising,  however,  higher  than  from  thirty  to 
forty  feet.  Springs  are  not  to  be  found  in  any  of  these  mountain  ranges. 
The  few  animals  of  the  wilds,  also  the  Indians  and  travellers,  depend 
here  entirely  on  charcos.  As  we  at  the  time  were  fortunate  enough 
to  encounter  such  water  places,  in  the  neighborhood  of  this  sierra, 
where  we  least  expected  them,  the  name  ''  Laguna  de  la  Esperanza " 
(lagoon  of  hope),  was  given  to  it  This  range  seems  to  be,  also,  an 
eastern  link  of  the  Sierra  del  Ajo. 

From  the  heights  of  the  Sierra  de  la  Nariz  to  the  north-west,  a  bold 
and  high  range  stands  in  sight  It  appears  more  like  h  node  or  a  com- 
pound of  sierras,  a  forced  consolidation  of  various  branches.  This  moun- 
tain group  bears  the  Spanish  name,  del  Ajo,  which  means  '^  a  garlic'' 
The  reason  for  this  singular  name  is  based,  as  we  were  informed,  upon 
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the  morphological  features  of  the  sierra.  Though  probably  oonstitated 
of  similar  Tolcanic  rocks  like  the  others,  its  structure  is  different.  Am 
it  is  seen  from  south-west,  from  the  Li^nagas  of  Sonoyta,  a  huge  centre 
block,  of  either  metamorphic,  or  more  probably,  yolcanic  or  volcanized 
stratified  rocks,  is  observed  on  the  strike  side  to  be  in  its  middle  pene- 
trated from  below  by  rocks,  which,  as  it  seems,  are  lithologicaUy  alike, 
but  of  columnar  structure.  The  whole  body  is  hereby  divided  into 
two  nearly  equal  portions.  The  aspect  of  this,  and  the  before-men- 
tioned sierras,  is  indeed  very  singular,  and  impressed  upon  us  the  idea 
of  geological  mummies,  on  which  metamorphism  chemically  and  me- 
chanically produced  such  thorough  changes,  altering  their  lithological 
characters,  but  preserving  their  morphological  features.  On  the  sides 
and  at  the  base  of  this  sierra,  quite  a  number  of  volcanic  peaks  are 
towering  up,  one  superviewing  the  other,  but  undoubtedly,  all  together, 
standing  upon  one  and  the  same  volcanic  focus,  however  detached  their 
situation  above  ground  may  appear.  Thus  the  main  body  of  the  Sierra 
del  Ajo  resembles  in  its  shape  the  bulbous  head  of  a  garlic.  A  com- 
parison like  this,  though  rather  keen  and  parabolic,  may  be  otherwise 
justified,  as  it  implies,  at  the  same  time,  the  endogenous  growth  of  both 
the  sierra  and  the  garlic  head. 

The  mountain  range  of  del  Ajo  also  forms  a  sort  of  a  dividing  lidge 
between  the  waters  of  Sonoyta,  running  in  a  westerly  direction  towards 
the  Gulf  of  California,  and  those  waters  turning  in  an  easterly  direction 
from  the  slopes  of  the  Sierras  de  la  Nariz,  and  afterwards  taking,  also, 
a  south-westerly  course. 

On  the  westerly  foot  of  the  Sierra  del  Ajo,  a  wide  valley  is  spread 
out,  which,  being  hemmed  in  all  round  by  mountain  ranges,  and  having 
but  one  obstructed  outlet,  is  what  the  Spanish  call  a  ^  denaga.**  Its 
southern  border  is  formed  by  the  Sierra  Guehibabi,  which  is  a  Papago 
name  of  no  known  meaning.  As  the  sierras  just  before  spoken  of 
strike  the  eye  by  their  dark-brown,  almost  black  color,  the  sierras  to 
the  south  and  west  are  constituted  of  metamorphic  crystalline  rocks 
with  prevailing  felspar.  The  color  of  these  mountains,  especially  under 
the  rays  of  a  Sonorian  sun,  is  a  glaring  white.  Thus  we  find  the  often 
repeated,  and  somewhat  fabulous  sounding  stories  of  general  travellers 
well  founded,  when  they  talk,  for  instance,  about  the  pass  between  a 
white  and  a  black  mountain,  or  something  of  that  kind.  On  the  ibot 
of  the  eastern  end  of  the  Sierra  Guehibabi,  near  the  old  mission  of 
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Sonoyta,  cbloritic  dates  and  greenstone  come  to  sight.  They  appear, 
however,  to  be  but  local,  and  a  branch  of  the  same  sierra  ranging  due 
north  shows  throughout  that  same  white  or  light-colored  felspathic 
crystalline  rock.  This  branch  being  lowest  in  elevation  and  but  short, 
until  it  is  absorbed  by  the  western  outrunners  of  the  Sierra  del  Ajo, 
was  named  Sierrita  di  Sonoyta.  The  eastern  part  of  the  cienaga  is 
open  for  travellers  to  Presidio  di  Altar.  There  the  dividing  ridge  is 
nothing  but  a  slight  swell  of  the  diluvial  plain. 

Besides  the  abundance  of  deep  eharcos  and  lagoons  through  its  lower 
portion,  this  cienaga  is  blessed  with  the  origin  of  a  small  river,  fed  at 
its  very  outset  by  a  large  number  of  little  springs,  undoubtedly  rising 
from  a  very  great  depth.  Their  water  is  beautiful,  clear,  of  a  bluish 
hue,  of  somewhat  high  temperature,  and  slightly  brackish.  Notwith- 
standing the  rich  supply  by  which  the  little  river  of  Sonoyta  is  nour- 
ished at  its  birth,  it  is  not  able  to  remain  a  running  stream.  Before 
reaching  a  mile  it  disappears  under  ground,  and  regains  daylight  sev- 
eral times.  The  water,  however,  is  constant  enough  to  justify  a  settle- 
ment in  its  vicinity.  The  Roman  church  had  once  established  one  of 
her  missions  (Pimeria  Alta)  in  this  remote  and  desolate  quarter  of 
Sonora.  This  well  intended  establishment,  however,  like  the  little  river 
of  Sonoyta,  did  not  show  much  vitality.  Some  poor  fragments  of  miser- 
able walls  are  the  whole  that  is  left,  by  which  to  recognize  the  spot  near 
the  outlet  of  the  valley.  This  is  occupied  now  by  a  group  of  a  few  Mexi- 
can and  Indian  huts,  the  inhabitants  of  which  irrigate  some  tillable 
ground.  The  proportion  of  the  fatter  is  very  small,  and  scarcely 
enough  to  satisfy  fifty  Papaga  families. 

In  the  physiography  of  the  country  the  Sierra  del  Ajo,  forming  the 
north-eastern  comer  of  the  Cienaga  di  Sonoyta,  seems  to  be  a  remark- 
able monument,  which  establishes  the  real  boundary  between  the  coast 
and  the  interior.  It  is  also  in  the  north-western  portion  of  the  same 
that  rich  argentiferous  and  auriferous  copper  ores  abound,  containing, 
as  it  is  said,  sufficient  gold  and  silver  to  defray  the  expenses  of  mining 
and  separating  the  copper.  These  ores  were  rediscovered  some 
years  ago,  and  are  worked  now  by  a  Californian  mining  association, 
called  the  "Arizona  Company."  This  company,  besides  exploring 
first  the  stretch  hence  direct  to  the  Gila  River,  opened  also  with 
considerable  expense  and  labor  a  road  through  the  mountain  passes, 
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and  provided,  by  means  of  artificial  tanks,  for  the  preserration  of  lain- 
water,  which  annually  falls  upon  those  regions. 

Following  the  bed  of  the  river  of  Sonoyta,  a  narrow  pass  leads  with- 
out any  difficulty  into  another  ciinaga^  which,  being  not  so  well 
watered  as  the  one  of  Sonoyta,  bears  again  the  common  desert  chane- 
ter.  Its  diametrical  extension  is  about  like  the  former,  and  may  be 
stated  to  have  a  width  of  fifteen  miles  each  way.  The  Sonoyta  stream 
winds  its  course  through  it,  but  forms  only  in  the  upper  half,  in  two  or 
three  places,  small  shallow  ponds,  where,  during  the  dry  season,  water 
may  be  got  by  digging. 

Mountain  and  hill  ranges,  formed  by  the  same  felspathic  crystaOiiie 
rocks,  border  this  ciSnaga  all  round.  The  more  open  west  end  b 
limited  by  a  swell  of  the  diluvial  beds,  leaving  but  one  opening  for  the 
occasional  surplus  of  water  from  the  Sonoyta  River.  This  cienaga^ 
which  may  be  called  ^^  Quitobaquita,"  partakes  still  more  of  the 
physiography  of  the  California  desert. 

Quitobaquita  signifies,  in  the  Papago  language,  a  small  mountain 
gap  or  pass,  which  in  reality  is  formed  here  by  low  mountain  ridges* 
spurs  of  the  Sierra  del  Ajo,  Di  Quitobaquita,  and  GuehibabL  Upon 
the  rising  ground  on  the  west  end  of  this  ciSnaga  a  wealthy  Mexican 
established  a  cattle  rancho.  The  inhabitants  of  the  latter  depend  on 
spring  water,  which  flows  in  abundance  from  some  twelve  to  fifteen 
small  springs,  all  rising  in  one  line  upon  a  bank  which  apparently  has 
been  formed  by  the  same  material  they  themselves  had  precipitated. 
The  substance  itself  seems  to  be  some  form  of  carbonate  of  lime.  The 
water  of  these  springs  resembles  fully,  in  appearance  and  mode  of 
issue,  that  of  Sonoyta,  and  we  shall  not  be  mistaken  in  placing  the  phe- 
nomenon- of  both  upon  one  physical  base,  and  considering  them  to 
be  mineral  or  thermal  springs. 

Leaving  Quitobaquita  the  line  passes  over  a  broad  ridge,  dippmg 
east  and  west,  and  forming  a  kind  of  yoke  (jugnm)  between  the 
Sierra  of  Quitobaquita  and  a  mountain  group  to  the  south  called  ^  Los 
Cerros  de  la  Salada."  Here  all  round  crystalline  felspathic  rocks  pre- 
vail. The  structure  of  these  cerros  indicates  a  general  geognosticil 
disturbance,  under  which  these  hills  aikd  mounds  have  been  grouped 
together.  They  are  of  different  absolute  height,  and  their  rocky  parU 
are  vevy  much  interspersed  or  covered  with  debris.    In  general  the 
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entire  arrangement  and  ranging  of  the  aierras  between  this  place  and 
Sonojta  exhibits  some  deviation  from  the  established  rule  of  parallelism 
among  all  the  sierras  of  north-western  Sonora.  The  mountain  ranges 
of  Quitobaquita,  Del  Ajo,  and  Guehibabi  appear  like  three  gigantic 
rows  of  waves,  which,  a^er  overreaching  one  another  in  discharging 
their  contents,  form  a  net  of  irregularly  ranging  mountain  marshes. 

The  water  of  the  little  river  of  Sonoyta  leaves  its  course  above 
ground  for  the  last  time  at  Quitobaquita  to  follow  its  terrestrial  course. 
Two  miles  below,  on  the  south-east  side  of  the  Cerros  de  la  Salada, 
fresh  drinking  water  can  be  got  by  digging  from  two  to  three  feet  deep 
in  the  bed  of  the  river.  One  mile  further  below,  the  water  of  the  same 
stream  is  so  exceedingly  saline  that  not  even  starving  mules  will  touch 
it.  This  salt  water  occasioned  the  name  de  la  Salada,  which  is  also 
applied  to  the  mountain  group  placed  next  to  it  Hence  the  coun- 
tiy  opens  entirely  in  a  southerly  direction  towards  the  coast,  leaving 
free  sight  to  a  pretty  bold  but  entirely  isolated  sierra  of  considerable 
height,  which  is  named  ^*  Pinecate."  This  singular  name,  signifying 
a  beetle,  must  probably  have  originated  from  some  particular  occur- 
rence, for  we  have  not  been  able  to  find  out  any  reference  the  name 
could  have  to  any  peculiarity  of  these  mountains.  This  sierra,  about 
twenty-five  miles  distant  from  the  line,  is,  for  want  of  water,  almost 
entirely  inaccessible.  It  is  renowned,  however,  through  all  Sonora,  for 
its  wonderful  and  inexhaustible  layers  of  rock  salt.  It  is  stated  that 
this  precious  material  is  stored  up  there  in  immense  masses,  and 
arranged  under  a  diversity  of  strata  varying  in  all  tints  and  colors. 
The  group  of  the  Cerros  de  la  Salada  is  most  probably  connected  with 
the  salt  region  of  Pinecate. 

After  passing  the  Salada  mountains  a  wide  waterless  desert  stretches 
out,  studded  with  a  number  of  isolated  little  peaks  and  mounds  of  every 
size  and  shape,  partly  formed  by  our  well-known  felspathic  rocks,  and 
partly  by  igneous  masses  either  trappitic,  amygdaloid,  or  porphyritic. 
Southward  this  desert  is  bounded  by  low  ridges  and  gradual  risings  of 
the  diluvial  main,  and  to  the  north  and  west  by  bold  sierras  alternately 
constituted  of  the  before-mentioned  volcanic  and  plutonic  rocks.  West- 
wards, at  a  distance  of  about  thirty-five  miles,  a  very  rugged  cordillera 
called  Sierra  del  Tule  limits  this  desert,  but  only  to  connect  it  by  an 
intermediate  narrow  strip  of  desert  with  the  great  Colorado  waste. 
Few  insects  and  reptiles,  fewer  birds,  and  still  fewer  quadrupeds  scan- 


48  NATUBAL  HISTOBT. 

tilj  animate  these  forsaken  regions,  which  death  seems  to  hold  under 
his  seal.  No  reliable  water-places  invite  the  traveller  on  these  plains 
to  a  short  stop  so  as  to  recreate  himself  and  his  worn-out  animals. 
^  Either  fij  or  die ! "  stands  before  his  miiid,  and  even  animals  have  the 
same  warning,  and  so  botli  man  and  animal  exert  their  last  strength  to 
escape.  A  number  of  graves  and  skeletons  and  numberless  dried  up 
carcasses  along  this  road  can  witness  how  many  lives  have  failed  in 
reaching  the  other  side. 

The  western  portion  of  the  desert,  between  the  Salada  peaks  and 
the  Sierra  del  Tule,  rises  towards  the  latter.  This  rise,  together  with 
an  immense  bed  of  black  vesicular  trap,  commences  in  the  playas  of 
those  charcos,  in  the  centre  of  the  plains,  where,  a  short  time  after  a  rain, 
water  may  be  found.  Hence  little  black  mounds  and  small  white  peaks 
increase  in  number,  acquiring,  gradually,  a  more  elongated  shape,  and 
turning  finally  into  low  and  abrupt  sierritas.  On  drawing  nearer 
towards  the  Sierra  del  Tule,  the  sierritas  increase  in  size  and  nnmber, 
and  form  parallel  outworks  of  the  Sierra  Tule  itself. 

The  huge  crest-masses  of  this  range  appear  like  the  white  and  blai^ 
heads  of  long  ocean  waves,  suddenly  arrested  and  crystallized  when  in 
the  midst  of  a  chaotic  uproar,  thus  telling  their  mythic  tales  of  past 
eras.  The  upheaving  forces  employed  in  the  formation  of  this  sierra, 
or  rather  cordiUera,  left  one  uniform  but  nevertheless  very  eloquent 
mark  on  the  face  of  these  mountains.  The  combination  of  rocks  is 
also  very  simple,  consisting  only  of  those  black  and  white  masses,  in 
one  place  pressed  closely  together,  and  in  another  towering  up,  each 
one  taking  a  separate  shoot  Dip,  strike,  cleavage,  and  lamination  are 
here  obscure  and  contorted  or  overthrown,  and  in  another  spot  distinct 
enough  to  be  traced  from  two  to  three  miles  distance.  Thus  we  are 
able  to  mark  one  mountain  block  formed  by  the  upheaved  comer  or 
edge  of  one  solid  bed  of  felspathic  sienite,  or  granite,  changed  into 
granitic  or  sienitic  lava,  or  into  regular  trachyte,  containing  quite  an 
amount  of  large  crystals  of  glassy  felspar.  A  singular  aspect,  too,  is 
presented  here,  by  mountains  of  such  crystalline  rocks,  which  had  iwt)- 
truded  an  old  bed  of  vesicular  trap,  and  stand  now  like  giants,  wrapped 
up  in  the  torn  garments  of  dwarfs,  now  hanging  in  rags  round  their 
body.  The  morphological  features  of  these  gigantic  stonewalls  have 
much  resemblance  to  the  ice  formations  of  the  arctic  oceans.  Similar 
causes  efiected  similar  results  in  the  formation  and  crystallization  on 
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one  hand  of  pluto-volcanic  rocks,  and  on  the  other  of  consolidated  aque- 
ous masses.  They  both  appear,  in  outline,  perfectly  alike,  and  so  we 
observe  here  icefields,  hummocks,  packs,  icebergs,  and  there,  analogous 
in  shape,  beds  of  trappitic  lava,  contorted  peaks  and  pinnacles  of  por- 
phyritic  and  amygdaloid  rocks,  or  the  turned  up  edges  of  gigantic  beds 
of  metamorphic  rocks,  or  the  bell-shaped  domes  of  trachyte,  all  together 
forced  upon  each  other,  broken,  crushed,  shattered,  and  formed  over 
again.  Both  the  icy  and  the  rocky  bodies  float,  each  one  half  sub- 
merged, upon  an  ocean,  the  one  upon  the  salt  waters,  the  other  upon 
the  residue  of  a  diluvial  sea.  The  moving  medium  of  both  is  also 
somewhat  the  same,  and  adequate  to  the  masses  to  be  worked  upon. 
There  are  the  oscillatory  motions  of  the  sea  with  one,  and  the  vibra- 
tions of  the  earth's  crust  with  the  other. 

Much  like  the  Sierra  del  Tule  is  the  one  de  las  Tinajas  Altas,  de- 
serving, also,  like  the  former,  rather  the  name  cordillera.  The  petro- 
graphic  features  are  almost  the  same,  and  there  cannot  be  much  doubt 
but  that  both  are  placed  upon  one  base.  The  intermediate  flats  sep- 
arating them  are  of  the  same  repeatedly  mentioned  desert  character. 
The  same  deadlike  silence,  and  the  same  dreary  desolation  pervade 
this  desert-chamber  placed  between  the  two  sierras. 

The  mountain  range  of  de  las  Tinajas  Altas  is  the  last  one  traversing 
North-western  Sonora  towards  the  Colorado  del  Oeste.  From  its 
crest  but  a  few  little  peaks,  reefs,  and  rocks  are  visible,  forming  the 
eastern  coast  of  the  Colorado  desert,  which,  after  this,  becomes  perfectly 
open.  These  orographical  studs  are  in  all  probability  but  the  crests  and 
peaks  of  a  submerged  sierra,  deeply  overlaid  by  that  same  drift,  which 
extends  from  here  to  the  foot  of  the  Califomian  Cordilleras,  a  distance 
of  130  to  140  miles.  The  direct  distance  from  the  Sierra  de  las 
Pinajas  Altas  to  the  nearest  point  of  the  Colorado  may  be  set  at  forty- 
five  miles. 

One  sheet  of  desert  then  stretches  down  to  the  banks  of  this  river, 
unbroken,  and  only  traversed  in  its  middle  by  a  light  swell  of  the  same 
forsaken  sand.  We  incline  to  consider  this  rising  in  the  midst  of  the  des- 
ert, as  the  half-grown  bud  of  an  underground  sierra,  waiting  only  for 
nature's  command  to  rise  over  the  surface. 

After  a  closer  examination  of  the  geological  relief  of  North-western 
Sonora,  we  arrive  at  the  conclusion,  that  such  a  state  of  country  can- 
not be  considered  as  having  reached  its  physiographical  point  of  cul- 

(«) 
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mination,  because  its  far  larger  portion  lies  baried  under  a  thick  rei], 
not  only  concealed  from  man's  eye,  but  also  inaccessible  to  those  more 
beneficent  agencies  of  creation,  which  alone  could  develope  organic 
life  upon  the  surface  of  this  rast  area,  at  present  condemned  to  but  a 
terrestrial  existence. 

Looking  back  over  the  mountains  just  now  passed,  we  see  them 
almost  invariably  dipping  east  and  north-east,  and  their  strike  fiuang 
west  or  south-west.  So  we  consider  each  range,  sierra  or  cordillera, 
as  the  edge  of  a  leaf  in  the  great  book  of  geogony.  Few  of  them  have 
been  opened  so  as  to  allow  some  reading  on  one  or  the  other  page,  whilst 
the  greater  number  still  remained  closed,  just  with  their  edge  tnmed 
up  a  little.  It  is  our  impression,  that  whenever  time  for  further  reve- 
lation shall  arrive,  these  mysterious  sheets  will  be  turned  from  the 
west  to  east 

The  sierras  Madre,  Santa  Cruz,  Pajarito,  Santa  Barbara,  Santa  Rita, 
and  others  of  that  region,  have  developed  some  parts  of  their  gedogieai 
history,  whilst  those  western  ranges  have  hardly  commenced  to  do  aOi 
Earthquakes  are  not  uncommon  through  the  basin  of  the  California 
Gulf;  a  mud  volcano,  on  the  eastern  foot  of  the  cordilleras  of  Lower 
California  is  still  in  activity ;  the  lower  Colorado,  itself,  is  almost  dry, 
and  active  to  change  not  only  its  banks,  but  also  its  innumerable 
bends,  of  which,  below  the  mouth  of  the  Gila,  exists  only  one  retaining 
its  original  shape  among  all  these  changes.  The  navigators  of  this 
river  call  it,  therefore,  ^  the  permanent  bend." 

In  the  face  of  these  facts  we  cannot  doubt  that  this  country  has  not 
yet  passed  through  all  the  phases  of  its  existence. 

We  do  not,  however,  believe  that  any  great  and  violent  general  ca- 
tastrophe will  be  necessary  to  bring  the  things  to  pass.  A  long  con* 
tinned,  perhaps  imperceptible  rise  of  country,  the  simple  increase  of 
elevation,  and  especially  the  enlargement  of  the  angle  of  indinatkn 
to  which  the  level  of  these  deserts  may  become  subjected,  might  aid 
the  torrents  of  the  mountains  and  the  sweeping  winds  to  clear  the  sur- 
face of  this  land  from  its  terrible  burden,  which  is  adverse  to  the  pur- 
poses of  man,  and  to  the  still  higher  ends  of  nature. 
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4.  On  the  Carboniferous  Limestones  of  the  Mississippi  Val- 
ley.   By  Professor  James  Hall,  of  Albany,  N.  Y. 

Abstract. 

The  object  of  this  communication  was  to  show  that  certain  reliable 
and  well-marked  subdivisions  exist  in  the  carboniferous  limestone,  as 
it  is  usually  termed,  of  the  Mississippi  Valley.  The  subdivisions  here- 
tofore proposed,  were  in  part  founded  upon  certain  supposed  charac- 
teristic fossils,  such  as  the  Archimedes,*  the  Pentremites,  etc.,  which, 
though  reliable  as  individual  species  in  their  geological  range,  are  not 
fts  genera  charaoteristic  of  the  subdivisions. 

The  subdivisions  proposed  in  the  report  of  Dr.  D.  D.  Owen  were, 
first,  an  upper  and  a  lower  series,  each  of  which  was  again  subdivided 
into  several  distinct  beds  or  groups.  For  the  sake  of  comparison, 
rather  than  for  criticism,  this  table  of  formations  of  Dr.  Owen  is  here 
given. 

Professor  Owen's  Table. 


Bituminous  shale 

Bed  of  coal  six  to  eight  inches  thick 

Upper  concretionaxy  limestone 

.    20  ft. 

Gritstones         ...... 

10  " 

Lower  concretionaiy  limestone 

.    30  " 

Gritstones 

10  " 

Magnesian  limestone          .... 

.     10  " 

Geodiferoos  beds          ..... 

30  " 

Archimedes  limestones       .... 

.     50  " 

Shell  beds 

15  " 

Keokak  chertj  limestones 

.     15  " 

70  " 

Encrinital  group  of  Burlington     . 

.     55  " 

Argillo-calcareous  group,  Evans'  Falls 


75 


The  above  represents  an  approximate  thickness,  as  given  by  Pro- 
fessor Owen. 


*  See  description  of  Fenestdla  (Archimedes)  in  a  following  paper. 
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Professor  Swallow,  in  his  report  on  the  Greological  Sonrej  of  Mis- 
souri, subdivides  the  Carboniferous  limestones,  and  the  rocks  below  the 
coal-measures,  as  follows :  — 


Carboniferous 
limestoneB. 


Chemang 
groap 


"tt 


E.  Lower  coal-measiires  ...  140  ft. 

F.  Ferruginous  sandstone            .  .  .      195  " 

G.  St.  Louis  limestone  .  .  .  250  " 
H.  Archimedes  limestone  .  .  .  200  *' 
I.     Encrinital  limestone  .  •            .            500  ** 

Chouteau  limestone     .           .  .  .        70  ft. 

Vermicular  sandstone  and  shales  .  .             75  " 

Lithographic  limestones          .  .  .        60  " 


Under  each  one  of  these  divisions  are  given  numerous  localities,  where 
the  rock  is  well  developed. 

In  descending  the  Mississippi  River,  we  come  upon  the  lowest  and 
most  northerly  outcrop  of  the  limestones,  at  Burlington  in  Iowa. 

At  this  locality  we  have  the  following  section  in  the  descendmg 
order : — 

1.  Encrinital  limestone. 

2.  Oolitic  limestone,  fossiliferous. 

3.  Compact  arenaceous  limestone. 

4.  Fine  grained  argillaceous  sandstone  or  gritstone  with  casts  cf 
Spirifer,  Chonetes,  Productus,  Bellerophon,  Orthoceras,  etc 

5.  Green  shale. 

The  entire  thickness  of  2,  8,  4,  and  5,  is  about  sixty-five  to  seventy 
feet ;  the  base  of  the  green  shale,  however,  has  not  been  observed. 

These  members  constitute  the  Argillo-calcareous  group  of  Evans's 
Falls  in  Dr.  Owen's  section ;  and  the  members  J.  K.  and  L.  of  Pro- 
fessor Swallow's  section.  The  higher  beds  of  these  strata  belong  to 
the  Chemung  group,  containing  the  same  fossils  as  the  rocks  of  that 
group  in  New  York  and  elsewhere,  and  have  been  carefully  traced 
throughout  the  intermediate  space.  It  is  quite  probable  that  in  strict 
parallelism  the  green  shale  of  Burlington  and  Evans's  Falls,  which 
weathers  to  an  *'  ash-colored  earthy  marlite,"  should  be  referred  to  the 
Portage  group,  since  here  it  lies  between  well-marked  Hamilton  beds 
and  the  Chemung.  And  it  is  likewise  probable  that  the  lithographic 
limestone  of  Professor  Swallow  will  be  found  more  closely  allied  with 
the  Hamilton  than  with  the  Chemung  group. 

We  have,  however,  in  the  light-colored  friable  sandstones  of  the 
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Chemniig  group,  a  well  marked  and  reliable  horizon.  The  Oolitic  bed 
is  more  closely  allied  by  its  fossils  with  the  Chemung  below,  than  with 
the  Encrinital  limestones  above ;  though  between  the  latter  there  is 
often  no  well-marked  physical  line; — so  gradual  and  imperceptible  is 
the  change  from  what  is  termed  Devonian  to  the  acknowledged  Car- 
boniferous rocks. 

The  Encrinital  limestone  of  Burlington,  or,  as  we  shall  hereafter 
term  it,  the  Burlington  limestone,  is  characterized  by  its  great  number 
of  Crinoids,  of  which  Drs.  D.  D.  Owen  and  B.  F.  Shumard  have  de- 
scribed numerous  species.  The  rock  is  in  a  great  measure  composed 
of  the  broken  and  comminuted  remains  of  this  family  of  fossils. 
Liarge  masses  of  the  rock  consist  almost  entirely  of  the  separated  but 
unbroken  joints  of  the  columns  of  various  species  of  Crinoids. 

This  rock  includes  the  ^  Encrinital  group  of  Burlington,*'  and  the 
^  Reddish  brown  Encrinital  group  of  Hannibal,"  in  Missouri,  of  Dr. 
Owen's  section ;  the  latter  being  in  no  respect  different  from  the  former, 
and  holds  precisely  the  same  position  in  the  series,  having  the  same 
beds  above  and  below  it 

The  ''  Encrinital  limestone  "  of  the  Missouri  report  is  likewise  iden- 
tical with  the  Burlington  limestone,  and  is  so  recognized  by  Professor 
Swallow. 

The  Burlington  limestone  is  succeeded  by  Cherty  layers,  with  inter^* 
calated  beds  of  light  gray  limestone ;  these  are  the  Keokuk  Cherty 
limestones  of  Dr.  Owen.  They  have  a  thickness,  altogether,  of  sixty 
to  one  hundred  feet,  and  constitute  the  beds  of  passage  to  the  next 
division  of  the  limestones.  These  cherty  beds  form  the  rapids  above 
Keokuk,  so  well  known  in  the  navigation  of  the  Mississippi  River. 
These  constitute,  also,  the  so-called  Silicious  formation  of  Tennessee 
and  Alabama. 

The  second  important  limestone  is  recognized,  both  in  the  section  of 
Professor  Swallow  and  Dr.  D.  D.  Owen,  as  the  "  Archimedes  lime- 
stone," from  containing  the  Archimedes  of  Lesueur,  a  Bryozoum  of 
the  Fenestella  family,  with  a  spiral  axis. 

On  descending  the  Mississippi  River  this  limestone  is  found  at 
Dallas,  at  Appanoose,  and  opposite  to  Madison,  and  at  Nauvoo,  Illinois, 
and  is  largely  developed  at  Keokuk ;  the  *'  shell  beds  "  of  Dr.  Owen 
forming  a  subordinate  member  of  the  mass.  The  fossil  Archimedes  is 
extremely  rare  in  bll  these  localities,  as  weU  as  at  Quincy,  Illinois, 

(5*) 
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where  the  lower  part  of  the  rock  is  seen  resting  on  the  cherty  beds 
which  separate  it  from  the  Burlington  limestone. 

This  limestone,  which  may  for  convenience  be  termed  the  Lower 
Archimedes  limestone,  or  Keokuk  limestone,  contains  nomeroiis  char- 
acteristic fossils.  In  the  upper  part  we  find  Archimedety  rarelj,  Qfo- 
thopkylli,  Spirifer  striaitiSy  fish  teeth,  etc.  Among  crinoids  are  Platf" 
crinus  Saffbrdii,  Actinocrinus  Humboldtiij  Agarieocrintu  tuberotus* 

The  Keokuck  limestone  is  limited  above  by  a  mass  of  shales,  or 
marls  with  impure  limestones,  known  locally  as  the  "Greode  bed," 
from  the  numerous  geodes  lined  with  quartz,  crystals,  chalcedony,  cak 
spar,  etc.,  which  it  contains  ; — and  which  have  been  distribated  very 
widely  throughout  the  United  States.  This  mass  constitutes  the 
^'  Geodiferous  beds ''  of  Dr.  Owen's  section ;  but  has  not  been  reoognized 
in  the  Missouri  section. 

Succeeding  the  Geode  bed,  and  occurring  in  the  same  localities  near 
Warsaw,  Illinois,  at  Appanoose,  and  other  places,  is  a  bed  of  Magne- 
sian  limestone,  recognized  in  Dr.  Owen's  section  under  the  same  name. 

To  the  Magnesian  limestone,  which  has  a  thickness  of  some  ten  feet, 
and  is  doubtless  only  of  local  development,  succeeds  a  series  of  beds 
of  blue  ^'  marlites,"  with  intercalations  of  impure  limestones,  or,  in 
some  places,  impure  limestones  separated  by  seams  of  blue  marL  The 
upper  portions  become  arenaceous,  and  sometimes  contain  small  peb- 
bles, forming  the  "  Gritstone  "  of  Dr.  Owen's  section.  The  central  and 
principal  portion  is  highly  fossiliferous,  abounding  in  reticulated 
bryozoa ;  and  among  these  the  axis  of  a  species  of  Archimedes  occurs 
in  great  numbers  and  of  extraordinary  size  and  perfection.  So  abm- 
dant  is  it  that  a  score  of  individuals  may  sometimes  be  seen  in  the 
space  of  a  few  feet.  This  species  is  quite  different  from  the  one  in  the 
Keokuk  beds ;  being  more  robust  and  the  volutions  of  the  spiral  lip 
rapidly  ascending.  This  limestone,  in  some  localities,  contains  Pentre- 
mites  in  considerable  numbers. 

This  second  Archimedes  limestone  seems  not  to  have  been  recognized 
in  the  section  of  Dr.  Owen ;  and  judging  from  localities  cited,  it  ap- 
pears to  have  been  confounded  with  the  lower  Archimedes,  or  Keokuk 
limestone.  The  position,  however,  of  the  Warsaw  Archimedes  lime- 
stone is  above  the  Geode  bed ;  the  Archimedes  is  a  distinct  species, 
and  it  is  associated  with  several  species  of  crinoids,  fish  teeth,  etc., 
which  do  not  occur  in  the  lower  beds. 

The  arenaceous  bed  which  terminates  this  group,  and  which  lik^ 
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"wise  contains  Arcbimedes  and  joints  of  crinoidal  columns,  is  succeeded 
by  a  light  gray  compact  limestone,  which  is  often  concretionary  or 
brecciated  in  its  structure.  Its  most  conspicuous  fossil,  in  many  local- 
ities, is  Lithostrotion  Jlortfarme. 

This  limestone  is  termed  by  Dr.  Owen  the  "  Concretionary  lime- 
stone,*' and  by  Professor  Swallow  the  "  St.  Louis  limestone."  *  It  is 
the  same  rock  which  forms  the  low  cliff  below  Keokuk,  near  the 
mouth  of  the  Desmoines  River,  and  at  St.  Francisville,  Missouri ;  the 
greater  part  of  the  bluffs  on  the  river  for  some  distance  above  Alton, 
Illinois ;  the  limestone  of  St  Louis,  in  whole  or  in  part ;  the  limestone 
of  St.  Grenevieve ;  the  limestone  of  Prairie  du  Rocher,  Illinois ;  and 
in  part  of  the  bluffs   bordering  the  American  bottom  below  Alton. 

At  this  point  the  sections  of  both  Dr.  Owen  and  Professor  Swallow 
cease,  so  far  as  limestones  are  designated.  The  concretionary  lime^ 
stone  of  Dr.  Owen  is  succeeded  by  sandstones  and  shales  of  the  coal- 
measures  ;  which  is  the  true  order  at  the  mouth  of  the  Desmoines  and 
other  places,  but  not  universally  true.  In  the  section  of  Professor 
Swallow,  the  St.  Louis  limestone  (concretionary  limestone  of  Owen)  is 
shown  to  be  succeeded  by  a  brown  or  ferruginous  sandstone,  F.  of  sec- 
tion in  Missouri  report ;  and  upon  this  rests  the  lower  coal-measures. 

This  order  is  likewise  true  in  some  parts  of  Missouri  and  of  Illinois ; 
but  it  is  not  everywhere  true  in  these  States.  The  ferruginous  sand- 
stone is  in  turn  succeeded  by  an  extensive  and  important  limestone 
formation,  which  consists  of  beds  of  limestone  of  greater  or  less  thick- 
ness, alternating  with  thin  seams  of  marl  or  shale,  and  in  some  parts 
heavy  bedded  limestone  of  considerable  thickness  without  shaly  part- 
ings, or  with  very  thin  ones.  The  group  embraces,  likewise,  one  or 
more  heavy  sandstone  beds,  and  a  mass  of  green  shale  or  marl,  more 
than  fifly  feet  thick  in  some  localities. 

This  formation  constitutes  the  limestones  of  Kaskaskia  and  Chester, 
Illinois ;  and  those  below  St.  Genevieve  in  Missouri.  They  likewise 
occur  at  other  places  on  the  river,  and  form  the  greater  part  of  the 
limestones  of  Southern  Illinois,  and  Indiana,  and  those  of  Kentucky 


*  After  a  careful  examination  of  the  locality  cited  by  Dr.  Owen,  I  am  nnable  to 
find  a  "  second  concretionary  limestone ; "  though  it  is  not  difficult  to  see  how  tnch 
an  error  may  have  occurred  in  meaauring  the  section  near  the  mouth  of  the  Des- 
moines River. 
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This  limestone  is  likewise  known  as  the  Archimedes  limestone,  and 
sometimes  as  the  Pentremital  limestone  from  the  abundance  of  Fentre- 
mites  it  contains.  The  species  are  distinct  from  those  of  the  Pentre- 
mites  of  the  Warsaw  Archimedes  limestone.  This  rock  has  evidentlj 
been  always  confounded  with  the  lower  Archimedes  or  Keokuk  lime- 
stone, as  is  shown  bj  localities  cited  in  the  reports  aboTe-menti<Mied9 
and  in  other  publications  upon  Western  geology. 

The  species  of  Archimedes,  which  it  contains  in  great  numbers,  are 
quite  distinct  from  the  other  two  named  ;  and  the  character  of  the  axis 
of  these  fossils  alone,  is  quite  sufficient  to  distinguish  the  rock  from 
either  of  the  lower  ones.  The  stratigraphical  position  of  this  rotk  is 
most  clearly  defined  and  readily  determinable.  The  assemblage  of 
fossils  is  quite  distinct  from  all  those  in  the  rocks  below,  and  there 
remains  no  reason  for  confounding  it  with  either  of  the  other 
divisions. 

In  following  down  the  course  of  the  Mississippi  River,  the  St.  Louis 
limestone  is  seen  to  pass  beneath  the  ferruginous  sandstone  F. ;  and 
upon  the  latter  rests  the  limestone  group  of  Kaskaskia  in  Illinois,  and 
of  St.  Mary's  in  Missouri. 

From  these  data  we  are  prepared  to  show  the  true  order  of  the  sae> 
cessive  members  of  the  carboniferous  limestones  of  the  Mississippi 
valley  in  the  States  of  Iowa,  Illinois,  and  Missouri,  and  also  in  Indiana, 
Kentucky,  Tennessee,  and  Alabama. 

The  following  section  illustrates  the  preceding  statements  regarding 
the  order  of  superposition  among  the  different  members  of  the  lime- 
stone  series. 

Coal-measures. 

Kaskaskia  limestone,  or  Upper  Ar-  )  Kaakaskiaand  Chester,  CI. ; 
I      chimedos  limestone. 

Gray,  brown,  or  Ferruginous  sand- 
stone overlying  the  limestones  of 
Alton  and  St.  Louis. 

"  St.  Louis  limestone."  Concretion 
aiy  limestone"  of  Dr.  D.  D. 
Owen. 

"  Arena<!eou8  bed." 

Warsaw  or  Second  Archimedes 
limestone. 

"  Magnesian  limestone." 

Soft,  shaley,  or  marly  beds  with  geodes  of  quartz  chalcedony. 


VII. 
VI. 

V. 
IV. 

ra. 


Beds  of  Pas- 
sage. 


St.  Marys,  Mo. 

Below  St.  GeneTiere,  Mo.; 
between  Prairie  du  Ro- 
cher  and  Kaskaskia,  lU. 

Highest  beds  below  Keo- 
kuk, Alton,  Si.  Lonii, 
St.  GenerieTe. 

Warsaw  and  abore  Alton, 
111. ;  Bloomington,  Sper- 
gen  Hill,  etc.,  Iowa. 
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_,  (  Keokuk,    or    lower    Archimedes  )  _        .    _  . 

°-         I     Bm«tone.  j  Keokuk.  Qmncy,  etc. 

!"  Cherty  beds,"  sixty  to  one  hnn- )  -»     .^     ^        «-    ,    , 
dred  feet.  j  ^^'^  *^^  ^~^- 


Beds  of  Pas- 
sage. 


T  [  Burlington  limestone.  }  Burlington,  Iowa ;  Quincy, 

■^*  J        ^  j      Dl. ;  Hannibal,  etc..  Mo. 

[  Oolitic  limestone  and  Aigillaoeons  j  Burlington,  Iowa  ;  Hanni- 
J  sandstone  of  the  Chemung  group  I  bal,  Mo. ;  and  other  lo- 
[     of  New  York.  I      calities. 

The  difficulties  which  have  occurred  in  the  way  of  a  reconciliation 
of  the  views  of  western  geologists,  have  arisen  in  part  from  the  fact 
that  these  different  limestones  have  not  an  equal  geographical  distribu- 
tion ;  there  heing  no  point  on  the  Mississippi,  within  our  knowledge, 
where  a  section  at  right  angles  to  this  vallej  will  embrace  all  the  beds 
here  enumerated.  The  limestones,  likewise,  change  their  character 
when  examined  in  a  north  and  south  direction,  owing  to  causes  which 
will  be  enumerated.  The  fossil  forms  which  have  mainly  been  relied 
on  for  characterizing  the  divisiiQns,  have  been,  to  considerable  extent, 
only  of  generic  value,  and  specific  differences  have  not  always  been 
properly  recognized. 

In  the  geographical  distribution  and  the  changes  of  lithological  char- 
acter, at  different  points,  we  have  yet  much  to  learn.  These  successive 
formations  of  limestone  have  been  deposited  in  an  ocean  which  was 
gradually  contracting  its  limits  upon  the  north.  The  lowest,  or  Bur- 
lington limestone,  has,  therefore,  a  greater  extension  northward  than 
either  of  the  succeeding  groups,  and  its  gradually  thinning  edges  stretch 
far  towards  Iowa  City;  near  which  latitude  was  the  northern  boundary 
of  the  ocean,  or  at  least  the  limit  of  its  animal  Ufe.  Considerably  to 
the  southward  of  this  line  we  first  find  the  attenuated  northern  edges 
of  the  Keokuk  limestone,  mingled  with  much  earthy  sediment,  and 
often  consisting  of  a  few  thin  beds  of  encrinital  limestone  intercalated 
among  other  beds  of  an  argillaceous  character.  It  is  only  further 
south,  in  the  neighborhood  of  Nauvoo  and  Keokuk,  that  this  limestone 
first  exhibits  decidedly  its  characteristic  features.  The  limits  of  the 
ocean  which  admitted  of  rock  deposition  at  this  period,  never  extended 
80  far  north,  by  many  miles,  as  in  the  period  of  the  Burlington  lime- 
stones. 

The  Warsaw  Archimedes  limestone  appears  to  have  been  nearly 
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co-extensive  with  that  below,  so  far  as  known  at  present  The  St 
Louis  limestone  extends  northward,  also,  nearly  or  quite  to  the  same 
distance,  but  only  in  a  thin,  brecciated,  or  conglomeratic  mass ;  and  it 
is  onlj  on  descending  the  valley  to  the  vicinity  of  Alton,  that  this  rock 
appears  in  any  considerable  force. 

To  these  beds  succeed  the  sedimentary  deposit  of  Ferruginous  sand- 
stone, which,  in  the  river  valley,  is  not  known  far  to  the  north  of  St 
Louis;  while  the  succeeding  Kaskaskia  limestone  becomes  important  in 
the  neighborhood  of  the  Kaskaskia  River  ;  and  is  known  in  the  interior 
as  far  north  as  Prairie  de  Long,  increasing  in  force  as  we  go  southward. 

We  have  most  clearly,  therefore,  the  evidence,  that  the  limits  of  the 
ocean,  admitting  of  calcareous  deposition,  was  gradually  contracting,  at 
least  in  the  direction  from  north  to  south,  leaving  the  more  southeriy 
portions  as  the  areas  of  greatest  development  for  these  limestones, 
which,  in  the  successive  periods,  were  gradually  extended  farther  and 
farther  to  the  southward. 

Some  interesting  inquiries  are  suggested  by  these  facts ;  and  at  the 
same  time  they  afford,  in  some  degree,  the  solution  of  a  difficulty  which 
has  heretofore  been  unexplained. 

It  is  well  known  that  no  limestone  of  the  age  of  those  here  described, 
occurs  beneath  the  coal-measures  on  the  western  side  of  the  Appal- 
achian coal-field,  north  of  the  Ohio  River,  nor  upon  the  eastern  side  of 
the  same  field,  until  we  reach  the  central  portion  of  Virginia.  The 
same  is  true  of  the  coal-fields  of  Nova  Scotia  and  New  Brunswick, 
according  to  Professor  Dawson;  the  northern  sides  exhibiting  no 
underlying  limestones ;  while  these  rocks  do  appear,  coming  out  from 
beneath  the  coal-measures,  on  the  south-eastern  side.  The  same  phe- 
nomena occur  in  regard  to  the  northern  portions  of  the  Illinois  and 
Iowa  coal-fields. 

At  the  same  time,  I  have  ascertained  in  the  most  satisfactory  man- 
ner, that  the  coal-measures  of  Iowa,  Missouri,  and  Illinois,  rest  on- 
conformably  upon  the  strata  beneath.  Whether  these  strata  be  the 
carboniferous  limestones  already  referred  to,  the  Devonian,  the  upper 
Silurian,  or  lower  Silurian  rocks ;  in  either  case  the  measures  are  un- 
conformable, differing  only  in  degree. 

It  would  appear  that  at  a  period  long  preceding  the  commencement 
of  the  carboniferous  limestone  deposit,  the  ancient  ocean  began  to 
contract  its  area ;  that  this  contraction  was  due  to  the  uplifting  of  the 
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older  rocks  upon  the  north ;  and  that  this  state  of  things  continued 
throughout  all  the  period  of  the  limestone  deposites.  That  during  this 
period^  or  at  its  close,  and  previous  to  the  deposition  of  the  coal-meas* 
ures,  the  older  strata  becoming  uplifted,  and  at  some  points  broken  by 
faults,  in  many  places  acquired  a  dip  of  from  ten  to  thirty  degrees ; 
that  denudation  had  worn  down,  to  some  extent,  the  inequalities  caused 
by  this  uplifting  of  the  strata,  and  produced  other  irregularities  of  the 
surface. 

The  coal-measures  extend  much  farther  to  the  north  than  the  north* 
em  limits  of  the  carboniferous  limestones,  and  are  spread  out  over  the 
thinning  and  sDghtly  inclined  edges  of  these  beds,  and  over  the  more 
disturbed  and  more  highly  elevated  edges  of  the  rocks  of  the  preceding 
periods.  Thus  the  coal-measures  rest  respectively  upon  all  the  forma* 
tions,  from  lower  Silurian  to  the  carboniferous  limeiUones,  The  only 
explanation  we  can  offer  is,  that  the  area  of  the  ocean,  which  had  con- 
tracted up  to  the  time  of  the  coal  period,  was  aflerwards  extended 
by  the  sinking  of  the  land ;  allowing  the  sandstones  and  shales  of  the 
coal-measures,  as  well  as  subordinate  beds  of  limestone,  to  be  spread 
over  much  wider  areas  than  the  preceding  formations  of  carboniferous 
limestone.  This  accounts  for  the  absence  of  the  carboniferous  lime* 
stone,  in  the  northera  portions  of  all  the  coal-fields. 

It  is  true,  however,  that  the  carboniferous  limestones  of  Nova  Scotia 
have  a  more  northerly  extension  than  the  northern  limits  of  the  Appa- 
lachian coal-field ;  but  if  these  limestones  of  Nova  Scotia  be  of  the 
same  age  as  those  of  the  south-west,  their  occurrence  may  be  due  to 
the  direction  of  the  ancient  ocean  margin,  or  the  line  of  ancient  coral 
reefs.  It  appears  that  this  direction  may  have  been  from  the  south- 
west to  the  north-east,  at  least  for  that  portion  of  the  country  east  of 
the  Cincinnati  axis ;  while  on  the  west  of  that  line,  the  lower  carbonifer- 
ous limestones  make  a  northerly  bend,  as  if  at  that  period  the  valley  of  the 
Mississippi  admitted  of  a  more  northerly  extension  of  the  coral  reefs. 

This  view,  sustained  by  facts,  while  it  offers  a  general  solution  of  the 
difficulty  respecting  the  non-occurrence  of  carboniferous  limestones  on 
the  northern  sides  of  all  the  coal-measures,  at  the  same  time  suggests 
an  explanation  of  the  greater  accumulation  of  conglomerates  and  coarser 
materials  in  the  same  position. 

The  high  elevation  of  the  older  strata,  and  the  inequalities  of  surface 
on  which  the  western  coal-measures  rest,  prove  conclusively  that  ex- 
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tensive  denudation  had  taken  place  previous  to  the  coal  period ;  and 
this  fact,  connected  with  others  of  similar  character,  should  sug^  a 
caution  in  our  conclusions  regarding  the  vast  influence  of  modem 
denudation  upon  the  surface  of  the  globe. 

Among  the  remarkable  and  interesting  consequences  of  this  andent 
denudation,  it  is  not  unusual  to  find  depressions  among  the  indined 
strata  of  the  Silurian  rocks,  filled  with  regular  coal  deposits,  Ijing 
usually  in  a  horizontal  position,  or  with  a  slight  dip,  varying  from  that 
of  the  surrounding  rock.  These  outcrops,  which  sometimes  occur  in 
ravines,  have  all  the  aspect  of  regular  coal-measures,  which,  from  the 
direction  of  the  bed,  would  penetrate  the  bank,  but  which  are,  never- 
theless, cut  off  by  the  inclined  strata,  within  a  few  yards.  Isolated 
masses  of  this  kind  are  not  uncommon,  both  in  Iowa,  Illinois,  and  Mis- 
souri, lying  at  the  foot  of  elevations,  and  apparently  penetrating  the 
adjoining  elevated  ground.  In  the  latter  State,  these,  in  many  instances 
have  been  worked  entirely  out,  and  proved  to  have  no  connection  what- 
ever with  the  adjacent  beds,  or  with  any  other  coal  in  the  vicinity. 

In  several  localities  on  the  Mississippi  River,  in  Iowa,  the  older 
rocks,  dipping  to  the  northward  at  an  angle  of  perhaps  ten  degrees, 
present  the  outcropping  edges  at  points  more  or  less  distant  from  each 
other,  while  the  intermediate  space  is  occupied  by  strata  of  the  coal- 
measures,  lying  in  a  horizontal  position.  These  phenomena  have  been 
mistaken  for  faults ;  but  they  are  far  different  in  their  origin,  and  the 
coal-measures  have  apparently  never  been  disturbed  from  the  time  of 
their  deposition. 

Among  the  examples  of  this  kind  may  be  noticed  more  than  one 
between  Davenport  and  Le  Claire.  Within  three  miles  of  the  latter 
place,  the  strata  of  upper  Silurian  limestones  are  dipping  to  the  north- 
ward, and  between  two  points  of  outcrop,  horizontal  beds  of  coal  shale, 
sandstones,  and  iron  ore,  occupy  the  spaces,  thus :  — 


a  a.  Outcrops  of  Silurian  b'mestone,  as  seen  above  the  level  of  the  riyer,  dipping 

at  an  angle  of  15^. 
b.  Coal,  shales,  and  sandstonee  lying  in  horizontal  position. 
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In  another  instance,  the  coal-measures  present  the  following  relation 
to  the  underlying  rocks :  — 


a  a.  Axis  of  Silnrian  limestone. 

b.  Horizontal  ooal-measare  strata,  traced  to  within  three  feet  of  actaal  contact 
with  the  limestones,  which  dip  at  an  angle  of  30^. 

A  still  more  interesting  exhibition  of  phenomena  attendant  upon  this 
condition  of  the  strata  is  the  occurrence,  in  limestones  of  the  age  of  the 
Hamilton  and  Upper  Helderberg  groups,  of  rounded  or  irregular 
masses  of  clay,  like  the  underclay  of  coal  seams.  These  masses, 
which  are  seen  in  sections  along  the  river,  and  in  quarries,  oflen  pre- 
sent simply  the  appearance  of  a  spheroidal  mass  of  clay.  Sometimes 
the  larger  mass  is  traced  through  a  narrow  seam  to  a  connection  with 
another  similar  one  in  a  higher  bed  of  the  rock ;  and  it  not  unfrequently 
happens  that  these  clay  seams,  which  are  always  vertical  to  the  bed- 
ding of  the  limestone,  may  be  traced  to  the  surface,  and  the  clay  found 
mingled  with  the  superincumbent  materials  as  if  having  a  common 
origin.  On  examining  the  surfaces  of  contact  between  the  clay  and 
limestone,  we  find  the  former  adhering  closely,  and  when  separated,  the 
limestone  still  retains  a  striated  coating  of  the  clay.  The  clay  is  lami- 
nated, and  the  laminations  are  curved  or  irregular,  but  never  parallel 
to  the  lines  of  bedding  in  the  limestone. 

A  single  instance  of  this  character  satisfied  me  that  these  masses  of 
clay  were  of  subsequent  deposition  to  the  limestone;  and  that  they 
filled  cavities  which  had  been  made  by  denudation,  like  modem  caverns 
in  limestone. 

This  example  was  in  the  vertical  face  of  a  quarry,  presenting  an  ele- 
Tation  of  thirty  or  forty  feet  From  the  loose  soil  above,  was  a  depres- 
sion at  the  surface  of  the  limestone ;  this  depression  was  the  commence- 
ment of  a  broad,  funnel-shaped  opening,  which  gradually  narrowed 
below,  till  within  ten  feet  of  the  bottom,  where  it  spread  out  on  one 
side,  having  an  irregular  arched  roof  with  numerous  smaller  archings, 
and  an  unequal  floor.  Its  termination  to  the  left  had  in  part  been  cut 
off*    This  cavity  from  top  to  bottom  was  filled  with  hard  clay,  like  the 

(6) 
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underclay  of  coal  seams.  At  the  month  of  the  funnel  it  was  of  a  red- 
dish brown  hoe,  but  soon  became  of  the  ordinary  gray  color  below.* 
The  laminations  of  this  clay,  in  the  upper  part,  conformed  to  the  cam- 
tures  and  inequalities  of  the  roof  of  the  ancient  cavern,  and  exhibited 
every  appearance  of  having  flowed  in  while  in  a  semi-fluid  condition; 
while  the  hydrostatic  pressure  of  the  mass  above,  operating  throogb 
the  deep  funnel,  had  forced  the  soft  clay  against  the  roof,  causing  it  to 
aslsume,  in  its  lamination,  the  same  curvatures  and  irregularities. 

In  the  midst  of  this  mass  of  clay  was  the  impression  of  a  large 
Euomphalus  ;  quite  distinct  from  any  fossil  known  in  the  surroundiog 
rock,  and  very  similar  to  a  carboniferous  form.  The  shell  itself  I  did 
not  see ;  and  with  this  exception,  I  found  no  traces  of  fossils  in  the  day. 


a  a  a.  Limestone  of  DeToniaa  age. 

666.  Ash-oolored  clay,  Bimilar  to  the  underclay  of  a  ooal  seam. 

cc.  Gravel  and  yellowish  loam. 


*  The  reddish  brown  color  is  simply  due  to  infiltration  fiom  the  femigiiions  dnft 
above. 
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It  seems  impossible,  therefore,  to  resist  the  conclusion,  that  after  the 
uplifting  of  these  rocks,  the  denudation  of  the  surface,  and  the  wearing 
of  caverns  below,  the  materials  of  the  coal-measures  were  distributed 
over  the  surface,  filling  these  cavities,  and  depositing  the  snccessiye 
members  of  the  coal  series  upon  the  older  rocks. 

If  any  thing  were  wanting  to  complete  the  chain  of  evidence  and 
carry  the  most  conclusive  proof,  it  is  to  be  found  in  a  section  near  Iowa 
City.  In  a  cliff  of  limestone  of  the  age  of  the  Upper  Helderberg  of 
New  York,  where  the  strata  are  nearly  horizontal,  we  have  the  follow- 
ing phenomena.  Along  the  line  of  separation  between  two  beds  of 
limestone,  appears  a  black  band  extending  for  thirty  or  forty  feet ; 
beneath  this,  occupying  less  horizontal  extent,  and  partially  filling  a 
depression  excavated  in  the  limestone  beds  below,  is  a  thicker  layer  of 
day,  precisely  like  that  filling  the  cavities  before  described,  and  of  the 
character  of  underclay ;  and  still  below  this,  occupying  the  depth  of 
the  cavity,  is  a  coarse  sandstone.  This  sandstone,  in  its  lines  of  lami- 
nation or  bedding,  foUows  the  curvatures  of  the  limestone  upon  which 
it  lies,  gradually  filling  up  the  cavity  from  below,  and  extending  its 
lamins  above  as  the  space  becomes  wider.  Upon  this  comes  the  under- 
clay, filling  the  upper  and  broader  part  of  the  cavity,  and  having  a 
greater  horizontal  extent  than  the  sandstone  below.  Above  this  under- 
clay, and  stretching  for  several  yards  on  either  side,  filling  the  open 
seam  between  the  beds  of  limestone,  is  a  band  of  black  carbonaceous 
mud,  the  lower  part  slaty,  and  the  upper  part  having  the  character  of 
eannel  coal.  Here  we  have  all  the  phenomena  attending  a  coal-meas- 
ure seam  of  coal ;  the  sandstone,  the  underclay,  and  the  seam  of  coal 
resting  upon  the  latter :  and  as  if  nothing  were  wanting  to  complete 
the  similarity,  the  slaty  portion  of  the  seam  contains  Jish  teeth  of  car- 
boniferous character.  All  this  is  inclosed  in  limestones,  which,  in  the 
State  of  New  York,  where  the  series  is  more  complete,  lie  at  a  depth 
of  more  than  5,000  feet  below  the  coal-measures. 

In  this  instance  the  explanation  is  clear  enough.  It  is  only  a  little 
more  complete  in  its  members  than  the  preceding  example,  while  the 
aperture  of  admission  from  above  is  not  visible.  The  coarse  and  fine 
sand  were  first  transported  ;  and  falling  through  an  opening  in  the  rock, 
continued  in  deposition  in  this  cavity,  while  a  bed  of  similar  sandstone 
was  being  formed  outside,  and  upon  the  bed  of  the  sea.  This  ceased, 
and  then  came  the  underclay,  which  was  formed  in  like  manner  while 
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the  underday  deposit  of  extensive  coal  beds  was  going  on.  Lasdj 
appeared  the  carbonaceous  mud,  derived  from  a  coal  seam,  or  from  the 
materials  forming  one  of  the  seams  of  the  coal-measures. 


aaaa.  Limestone  of  DeTonian  age. 

66.  Coarse  sandstone  in  coryed  laminee. 

cc.  Ash-oolored  and  greenish  ash-colored  nnderday. 

dd.  Coal  seam  with  shalj  mad  containing  fish  teeth. 

There  is  here  no  mingling  of  materials,  as  if  resulting  fit>m  the 
breaking  up  of  a  coal  seam  at  a  later  or  modem  period,  and  the  filtra- 
tion through  a  seam  into  the  rock ;  on  the  contrary,  every  part  is  as 
distinct  as  in  the  coal-measures  elsewjiere,  and  it  could  only  have  re* 
suited  from  a  participation  in  the  causes  then  operating  to  produce 
those  extensive  beds  of  sand,  clay,  shale,  and  coal,  which  make  np  the 
coal-measures. 

It  should  not  be  forgotten,  moreover,  that  this  point  is  near  the 
northern  margin  of  the  coal-fields,  and  beyond  the  limits  of  any  pro- 
ductive coal  seam ;  a  few  isolated  patches  of  sandstone  and  shale  being 
all  the  remaining  evidences  of  the  existence  of  the  series  in  that 
vicinity. 

This  cavernous  condition  of  the  limestone  is  not  confined  to  the  im* 
mediate  vicinity  here  described,  but  extends  over  large  areas  in  Illinois 
and  Iowa.  The  fissures  are  sometimes  partially  filled,  and  sometimes 
open. 

In  Wisconsin,  Illinois,  Iowa,  and  Missouri,  the  fissures  or  caves 
occupied  by  the  lead  ore  are  apparently  of  similar  character  and  origin; 
the  period  of  their  production  being  a  point  for  discussion.  What- 
ever may  be  said  to  the  contrary,  it  appears  still  very  certain  that  these 
lead-bearing  fissures  have  no  connection  with  the  rock  below ;  and  also^ 
that  the  character  of  the  fissures,  with  the  material  filling  them,  indi- 
cates an  action  from  above.    That  these  cavities  were  excavated,  and 
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subsequently  filled  or  partially  filled  with  the  ores  of  lead,  zinc,  or  iron, 
bj  infiltration  from  above,  as  stated  elsewhere  by  the  writer,*  seems  as 
well  settled  a  problem  as  that  the  coal  seam  just  noticed  is  due  to  infil- 
tration from  above. 

The  age  of  the  rock  in  which  the  lead  occurs  is  not  a  question  af- 
fecting the  origin  of  the  mineral  matter;  for  while  in  Iowa,  Wis- 
consin, and  Illinois,  the  lead  rock  is  an  upper  member  of  the  Trenton 
limestone  period,  it  is  in  Missouri  the  calciferous  sandstone,  a  rock  far 
older  than  the  Trenton  period.  The  mode  of  occurrence  of  the  ore  is 
similar  in  both  places. 

The  fact  that  the  calciferous  sandstone  in  Missouri  is  the  lead-bear- 
ing rock,  and  that  sometimes  in  Upper  Iowa  and  Wisconsin  the  same 
rock  contains  some  lead  ore,  has  induced  the  belief  that  the  origin  of 
the  ore  is  from  below.  It  is  true  that  the  calciferous  sandstone  is 
spread  over  large  areas  of  country  on  the  north  of  the  productive  lead 
region  of  Illinois,  Iowa,  and  Wisconsin,  but  thus  far  it  has  yielded  no 
valuable  lodes.  It  is  likewise  less  cavernous  than  the  lead-bearing  or 
Galena  limestone,  and  far  less  so  than  the  same  rock  in  Missouri. 

From  what  we  know,  it  appears  that  neither  the  carboniferous  lime- 
stones nor  the  coal-measures  ever  extended  so  far  north  as  the  northern 
lead-bearing  rock,  while  these  strata  do  occupy  the  country  around  the 
lead  region  of  Missouri,  and  outliers  of  coal-measures  often  rest  direct- 
ly on  the  calciferous  sandstone,  the  lead-bearing  rock  of  that  State. 

There  is,  therefore,  a  strong  evidence  in  favor  of  regarding  these 
fissures  and  caverns,  whether  filled  or  otherwise,  as  having  been  formed 
during  the  Carboniferous  period,  and  previous  to  the  deposition  of  the 
coal.t 

*  The  same  yiews  in  reference  to  the  origin  of  the  lead  ores  are  entertained  and 
have  heen  pnblished  by  Mr.  J.  D.  Whitney. 

t  In  making  this  statement  the  writer  would  not  be  understood  to  say  that  similar 
fissures  and  cayems  may  not  haye  been  produced  in  these  rocks  during  the  modem 
period,  through  the  drift  or  other  degrading  agencies,  which,  at  the  same  time,  may 
haye  remoyed  the  day  or  other  mineral  matter  from  cayems  of  preyious  date,  ren- 
dering the  determination  of  the  period  of  their  origin  a  matter  of  considerable  dif- 
ficnltj.  At  the  same  time  the  existence  of  the  fissures  filled  with  mineral  matter, 
accompanied  or  unaccompanied  by  a  peculiar  clay  quite  different  from  the  drift  ma- 
terials of  the  region,  or  filled  with  this  clay  alone,  or  with  indurated  clay  like  the 
nnderclaj  of  coal  seams,  either  with  or  without  the  presence  of  sandstone  and  coal 
all  point  to  a  period  long  anterior  to  that  of  the  modem  drift. 

(«•) 
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The  elevating  forces  which  have  raised  the  precarboniteroas  strata 
to  their  present  inclination  throughout  the  West,  have  had  a  determi- 
nate direction ;  and  this  direction  has  been  from  north-west  to  south-east, 
parallel  to  the  great  mountain  ranges  on  the  west,  and  nearlj  at  a 
right  angle  with  the  Appalachian  chain  on  the  east.  So  far  as  mj 
opportunities  permitted  the  determination,  the  general  direction  is 
noilh  40°  or  more  west. 

In  descending  the  Mississippi,  we  first  notice  that  the  strata  rise  and 
fall  in  broad  undulations,  which  cross  the.  direction  of  the  vallej  from 
north-west  to  south-east.  Still  lower  down  we  meet  with  more  abrupt 
anticlinal  axes ;  and  in  one  of  these,  at  the  Upper  Bapids  and  below, 
aro  several  minor  plications.  Below  Davenport  there  is  considerable 
regularitj ;  and  between  this  point  and  Cap  au  Gris  are  again  broad 
undulations,  which  reveal,  successivelj,  all  the  strata  from  the  carbotn- 
iferous  limestone  to  the  lower  Silurian  rocks.  In  approaching  Cap  au 
Gris  from  the  north  there  is  a  gradual  rising  of  the  lower  strata,  so  that 
the  Trenton'  limestone  is  beautifullj  defined  for  some  distance ;  and  be- 
neath it  lies  a  magnesian  limestone  apparently  of  no  great  thickness. 
The  dip  to  the  north-east  increases,  and  from  beneath  these  limestones 
the  sandstone  rises  in  a  bold  escarpment  continuing  for  three  fourths  of 
a  mile,  and  presenting  several  hundred  feet  of  thickness.  This  eleva- 
tion suddenly  declines  to  the  southward ;  and  we  find  the  Burlington 
or  lower  carboniferous  limestone  standing  vertically  by  the  side  of  the 
lower  sandstone.  The  limestone  soon  assumes  a  steep,  and  gradually  a 
moro  gentle  dip  to  the  south,  and  the  succeeding  members  come  in  suc- 
cessively. This  fault,  which  is  in  fact  an  anticlinal  axis,  has  a  north- 
west and  south-east  direction,  and,  according  to  the  observations  of  Mr. 
Worthen,  extends  far  into  Illinois. 

Below  St.  Louis,  in  the  vicinity  of  Selma,  there  is  another  decided 
anticlinal  axis,  bringing  up  the  lower  sandstone.  According  to  the 
Missouri  report,  the  lower  limestones  and  sandstones  are  again  brought 
up  in  the  vicinity  of  Bailey's  Landing,  but  I  have  personally  examined 
the  strata  at  this  place  only  so  far  as  to  decide  that  the  upper  Silurian 
strata  appear  from  beneath  the  upper  Helderberg  and  Hamilton 
groups;  beyond  which  the  carboniferous  limestones  appear  to  come 
in  unconformably  in  the  synclinal  axis. 

Still  another  axis  of  very  decided  character  brings  up  the  Trenton 
limestone  in  great  force  at  Cape  Girardeau,  on  the  Missouri  sideband  at 
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Orcbard  Creek,  below  Tbebes,  on  tbe  Illinois  side  of  tbe  river.  Tbis 
axis  affects  all  the  southern  portion  of  Illinois,  below  a  line  drawn 
from  Fountain  Bluff,  on  the  Mississippi,  to  near  Golconda  on  tbe  Ohio. 
In  some  parts  of  its  course  tbis  axis  would  appear  to  have  a  direction 
of  nearly  north  35°  west,  and  south  35°  east.  In  a  country,  however, 
where  denudation  has  taken  place  to  such  an  extent,  and  succeeding 
strata  are  spread  over  the  uplifted  edges  of  those  below,  it  is  often 
difficult  to  determine  the  exact  direction,  until  traced  over  a  wide 
extent. 

That  these  lower  axes  crossing  the  Mississippi  are  the  results  of  tbe 
great  movement  which  elevated  the  fundamental  strata  of  tbe  western 
mountain  chain,  we  can  have  little  doubt.  The  forces  that  there  acted 
upon  tbe  huge  pile  of  sedimentary  strata,  raising  tbem  into  high 
mountain  chains,  here  operated  upon  a  thickness  of  a  few  hundred 
feet ;  and  we  may  have,  not  only  the  dying  out  of  the  elevating  force, 
but  also  the  diminished  thickness  of  the  strata  for  the  subject  of  its 
action.  If  the  force  which  elevated  the  Rocky  Mountain  chain  acted 
only  on  the  palaeozoic  strata,  the  greater  amount  of  material  in  that 
direction  would  give  greater  elevation  to  the  ridges,  which  under  similar 
force  would  die  out  in  the  Mississippi  valley  for  want  of  material  to 
be  elevated. 

The  discussion  of  tbis  part  of  tbe  subject,  however,  does  not  prop- 
erly enter  into  tbe  present  paper,  and  will  be  postponed  to  another  ac- 
casion.* 

A  few  words  may  suffice  to  express  for  the  present  tbe  general 
features  of  the  series  of  these  limestones  on  tbe  south  of  the  Ohio 
River.  All  the  members,  with  the  exception  of  tbe  higher  or  £[askas- 
kia  limestone,  gradually  thin  out  to  the  south.  The  "  Siliceous  Group" 
as  it  is  termed  in  the  Geological  Report  of  Tennessee,  lies  at  the  base 


*  See  Introdnction  to  Vol.  III.  Paleontology  of  New  York.  I  may  remark  in 
this  place  that  the  ohservations  made,  and  the  collections  brought  home  by  Cap- 
tain Stansbury,  from  the  Salt  Lake  region,  demonstrate  that  the  upper  carboniferous 
limestone,  in  an  unaltered  or  scarcely  changed  condition,  and  bearing  numerous 
fossils,  rests  unoonformably  upon  metamorphic  rocks  of  older  date  corresponding 
with  what  is  so  well  shown  in  the  Mississippi  valley. 

The  topography  accompanying  these  observations,  also  shows  that  these  moun- 
tains of  limestone  have  a  nearly  north  and  south  direction ;  corresponding,  doubt- 
less, with  the  direction  of  the  fundamental  axes  of  the  country. 
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of  the  carboniferous  limestone  in  that  State.  This  siliceoas  group  is 
simplj  an  extension  of  the  chertj  beds  lying  between  the  BnrlingUm 
and  Keokuk  limestones,  represented  in  the  section  between  I.  and  IL, 
which  become  largely  developed  in  the  south.  The  Burlington  lime- 
stone is  rarely  seen,  occupying  a  few  feet  of  thickness  beneath  the 
^  Siliceous  Group."  The  Keokuk,  Warsaw,  and  St.  Louis  limestones 
have  thinned  out  so  far  as  to  form  no  important  feature  in  the  series, 
while  the  Kaskaskia  limestone  predominates  over  the  whole  country; 
and  is  there  the  great  carboniferous  limestone,  yielding  its  abundance 
of  Pentremites  and  Crinoids  throughout  its  extent  in  Tennessee  and 
Alabama. 

KoTB.  —  So  far  M  I  know,  the  first  nodoe  of  the  nnoonformity  of  the  Wetten 
coal-measures  with  the  older  rocks,  was  brought  out,  at  the  Plnovidenoe  meetiiig  of 
the  American  Association  for  the  Advancement  of  Science,  in  a  discussion  upon  t 
section  of  the  coal-measures  of  Northern  Illinois,  presented  by  Edward  Danidfi 
Esq.  This  gentleman  afterwards  visited  and  reexamined  the  locality,  and  commu- 
nicated to  me  the  following  section  as  confirmatory  of  the  views  I  had  there  ex- 
pressed.   The  communication  bears  date  of  November,  1855. 


a.  Galciltroiiii  nndstone. 

b.  St.  Peters  Madstone. 

e.  Trenton  and  Galena  limestone. 

d.  Ooal-measoret  resting  nnconlbmisbly  upon  the  roAs  below. 

In  a  Report  upon  the  Mineral  Resources  of  the  Illinois  Central  Railroad,  by  J. 
W.  Foster,  published  in  1856,  a  section  similar  to  the  one  ahove  is  given ;  and  the 
credit  of  the  discovery  of  the  relative  position  of  the  two  series  of  rocks  is  then 
attributed  to  Br.  Norwood,  the  geologist  of  Illinois.  It  is  certainly  probable  tbit 
Dr.  Norwood  has  been  aware  of  this  fact  for  a  long  time,  and  the  writer,  in  commoa 
with  many  of  his  friends,  has  had  occasion  to  regret  that  Dr.  Norwood  has  not  long 
since  published  some  portion  of  the  accumulated  facts  of  many  years  of  invertigir 
tion. 

Although  aware,  for  several  years,  of  this  relative  position  of  the  lower  roda  sad 
the  coal-measures,  yet  I  was  never  so  fully  impressed  with  the  high  interest  and  im- 
portance of  the  matter,  until  I  had  careihlly  followed  out  the  successive  members  of 
the  carboniferous  limestone  series.  Disclaiming  any  desire  to  appropriate  the  dii- 
coveries  of  others,  the  writer  has  presented,  in  the  preceding  paper,  the  &ct8  tbst 
came  under  his  own  observation,  and  the  conclusions  which  seemed  legitimately  de> 
ducible  therefirom. 
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I  should  do  injustioe  to  my  own  feeliDgs  were  I  not  in  this  place  to  acknowledge 
the  yaluable  aid  rendered  to  me  by  Mr.  A.  H.  Worthen,  my  assistant  in  the  Geo- 
logical Survey  of  Iowa,  whose  intimate  acquaintance  with  the  principal  localities  of 
the  carboniferous  limestones  in  the  Mississippi  yalley,  enabled  me  to  accomplish  my 
investigations  in  much  less  time  and  with  far  more  satisfaction  than  I  should  other- 
wise have  been  able  to  do  in  a  single  season.  We  explored  together  these  fonna* 
tions  as  far  as  the  month  of  the  Ohio,  after  which  Mr.  Worthen  carried  on,  under 
my  direction,  the  observations  through  Tennessee  and  Alabama,  with  a  view  to  the 
recognition  of  the  groups  established  in  the  investigations  in  Iowa,  Illinois,  and 
Missouri. 


5.   Remarks  on  Niagara  Falls.    By  Professor  L.  B.  Gibbes, 
of  Charleston,  S.  C.     (In  the  form  of  a  letter  addressed  to  James  * 
Hall,  President  of  the  Association.)* 

A  PAMPHLET  of  Desor's  t  has  lately  fallen  into  my  hands,  in  which 
he  opposes  your  view  of  the  condition  of  the  Falls  of  Niagara,  after 
a  supposed  recession  of  one  and  two  miles,  and,  arguing  from  the  rate 
of  recession  of  the  American  Fall,  since  the  time  of  Hennepin, 
expresses  the  opinion  that  the  falls,  instead  of  receding  at  the  rate  of 
a  yard  per  annum,  do  not  recede  a  foot  per  annum,  and  in  fact  that 
the 'rate  is  a  mere  fraction  of  a  foot 

Now  I  cannot  assent  to  his  applying  to  the  Canada  Fall  the  result 
drawn  from  the  American  Fall,  since  he  omits  to  take  into  considera- 
tion the  very  different  rate  of  recession  of  the  two  falls.  If  we 
assume,  what  is  generally  granted,  that  the  gorge  or  chasm,  from  the 
hluffs  at  Lewiston  to  the  Canada  Fall,  has  heen  excavated  by  the  action 
of  the  falls  themselves,  then  there  must  have  been  a  period,  anterior 


*  This  paper  was  communicated  to  the  President  of  the  Association,  at  the 
Albany  meeting,  with  a  request  that  he  would  lay  it  before  the  Association,  with  his 
comments.  For  want  of  time  and  ability  on  his  part,  it  was  not  brought  before 
the  meeting,  but  was  presented  to  the  Standing  Committee,  who  directed  that  it 
should  appear  in  the  proceedings.  —  J.  H. 

t  Extracted  from  Bulletin  de  la  Soc.  des  Sd.  Naturelles  de  NeufchateL  Tome  HI. 
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to  the  division  of  the  falls  into  two  as  at  present,  when  there  was  but  a 
single  fall  extending  from  A  to  A',jast  below  the  American  Fall, 
whose  brink  was  along  some  irregularly  curved  line  as  A  B  A^  resem- 
bling that  of  the  Canada  Fall  at  present,  or  along  some  irregular  line 
A  C  A'  approximating  to  the  straight  line  joining  A  A',  resembling  in 
this  particular  the  American  Fall.  Then,  if  we  assume  that  the  river 
or  portion  of  the  main  stream  now  forming  the  American  Fall  did  at 
that  time  communicate  with  the  main  stream  bj  the  outlet  A  D,  it  will 
follow  that  while  the  centre  of  the  American  Fall  receded  from  B  or 
C  to  £,  the  centre  of  the  Canada  Fall  receded  in  ike  same  interval 
from  B  or  C  to  F.  From  C  to  F  is  at  least  three  times  the  distance 
from  C  to  £,  and  from  B  to  F  is  about  four  times  the  distance  from 
B  to  £,  so  that  the  recession  of  the  Canada  FaU  isy  on  this  suppositiony 
at  least  from  three  to  four  times  as  rapid  as  that  of  the  American  Fall 

This  point  is  overlooked,  or  at  least  omitted,  bj  Desor,  so  that  his 
result  drawn  from  the  American  cannot  be  applied  without  modification 
to  the  Canada  Fall.  I  do  not  find  that  jou  have  anywhere  taken 
notice  of  this  inequality  of  recession,  or  alluded  to  the  causes  which 
have  produced  it,  nor  can  I  find  that  other  writers  on  the  topography, 
geology,  or  phenomena  of  the  falls,  as  Eaton,  Hayes,  or  Rogers,  make 
mention  of  it. 

Putting  aside  the  consideration  of  any  actual  inequality  in  time  of 
action,  that  is,  regarding  it  as  impossible  or  exceedingly  improbable  that 
there  should  have  been  any  natural  dam  or  continuous  obstacle  from  A 
to  D,  which  gave  way,  some  time  after  the  main  fall  had  passed  the 
point  D,  permitting  the  American  cascade  then  to  begin  its  fall,  there  will 
remain  two  causes  for  the  unequal  recession  of  the  two  falls.  These 
are  difference  in  the  volume  of  water,  and  unequal  fieicility  of  abrasion 
possessed  by  the  strata  of  rock  in  the  two  directions,  G  F  and  A'  A. 
Now,  do  either  or  both  of  these  causes  exist  ?  if  they  exist,  are  they 
sufficient  to  account  for  the  effect,  the  inequality  of  recession  ?  It  is 
twenty  years  since  I  visited  the  falls,  but  from  my  own  recollections, 
as  well  as  from  the  representations  of  visitors  and  the  impression 
given  by  views  of  the  falls,  there  can  be  no  doubt  that  the  volume  of 
the  Canadian  Fall  is  much  greater  than  that  of  the  American  Fall, 
and  not  only  in  length  of  the  circuit  of  the  brink,  but  in  depth  of  water 
also,  and  possibly  also  in  the  velocity.  With  regard  to  unequal  facil- 
ity of  abrasion  in  the  two  directions  I  know  nothing  but  what  the  falls 
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themselves  may  show,  for,  as  I  have  said,  the  geological  obfiervers  do 
not  appear  to  have  mentioned  it  That  there  is  an  unequal  fkcilitj  of 
abrasion  in  different  directions  appears  to  be  indicated  bj  the  present 
condition  of  the  falls.  It  is  a  very  remarkable  circumstance,  and  ODe 
whose  value  in  the  discussion  of  the  past  and  future  condition  of  the 
falls  does  not  appear  to  be  noticed  or  insisted  upon,  that  the  point  A, 
the  northern  extremity  of  the  American  Fall,  the  point  F,  the  vertex 
of  the  Canada  Fall,  and  the  two  angles  of  Goat  Island,  D  and  G,  are 
nearly  in  a  right  line,  parallel  to  the  general  course  of  the  gorge  bebw, 
and  at  right  angles  to  the  general  direction  A  A'  of  the  brink  of  the 
fall.  It  would  appear,  therefore,  that  the  fall  which  had  excavated  the 
gorge  below  A  A',  in  a  certain  direction,  had  continued  this  excavation 
in  the  same  direction,  uninfluenced  by  the  presence  and  etetton  of  ike 
American  FaUj  except  by  the  abstraction  of  that  body  of  water,  and 
had  now  assumed  the  position  F  H.  With  respect  to  its  future  condi- 
tion, the  Canadian  Fall  may  be  regarded  as  consisting  of  two  portions, 
the  one,  F  H,  corresponding,  in  its  relations  to  the  strata  beneath,  to 
the  original  fall  A  A',  and  the  other,  F  G,  in  like  relations,  correspond- 
ing to  the  American  FalL  If  this  view  be  correct,  the  general  cooise 
of  the  Canadian  Fall  will  be  towards  the  point  I,  and  the  formation 
finally  of  a  fall  along  the  line  G  I,  whose  recession  wiU  be  slower  thaa 
formerly. 

During  the  interval  of  time  that  the  main  fall  was  receding  from 
A  A^  to  F  H,  a  distance  of  about  1,000  yards,  the  American  Fall  most 
have  receded  from  some  line  A  D  left  by  the  abrading  action  of  the 
main  fall  to  its  present  position.  The  amount  of  this  recession  Desor 
•estimates  at  forty  yards,  and  this  gives  a  rate  of  recession  twenty-five 
times  greater  in  one  direction  than  in  the  other.  This  result  most 
be  reduced  on  account  of  the  gradual  development  of  the  American 
Fall,  while  the  main  fall  was  receding  from  A  to  D.  The  result  of 
this  gradual  development,  will  be  the  same  as  from  the  display  of  the 
whole  force  of  the  &11  for  half  that  time,  and  as  A  D  is  about  one 
third  of  A  F,  if  we  suppose  a  nearly  uniform  rate  of  recession  of  the 
main  fall,  the  reduction  will  be  one  sixth  of  the  whole,  leaving  the 
ratio  of  recession  as  1  to  20  or  21.  This  effect  can  scarcely  be  doe 
to  the  difference  of  volume  of  water  solely.  The  volume  of  water 
passing  over  any  linear  yard  of  the  brink  of  either  fall  depends  on  the 
velocity  and  depth,  and  I  have  no  means  of  ascertaining  either  of 
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these  factors.  It  has  been  reported  that  the  hull  of  a  vessel,  sixteen 
feet  from  deck  to  keel,  was  sent  over  the  Canada  Fall,  that  the  deck 
was  level  with  the  water,  and  that  the  keel  met  with  no  obstruction  in 
its  passage ;  it  was  hence  inferred  that  the  depth  of  water  at  the  brink 
of  the  fall  was  at  least  twenty  feet.  If  we  give  the  half  of  this  depth 
to  the  American  Fall,  which  I  think  is  not  too  great,  the  above  result 
would  require  a  depth  of  200  feet  of  water  at  the  Canada  Fall,  greater 
than  the  whole  height  of  that  fall,  156  feet  I  have  been  behind  the 
Canadian  Fall,  and  proceeded  some  distance  along  the  ledge  of  rock, 
but  can  form  no  reliable  estimate  of  the  height  of  the  under  surface  of 
the  sheet  of  water.  It  can  scarcely  be  less  than  fifty-six  feet,  leaving 
100  feet  as  the  utmost  possible  depth  of  the  water  at  the  brink  of  the 
fidl ;  this  would  give  but  five  feet  for  the  depth  of  the  American  Fall, 
which  surely  is  too  little.  I  know  of  no  observations  to  show  that  the 
velocity  at  the  one  fall  is  much  greater  than  at  the  other,  so  that  there 
remains  only  the  unequal  resistance  in  different  directions  of  the  strata 
coUectively,  to  account  for  the  remaining  part  of  the  effect,  and  this 
appears  to  be  required  to  explain  it,  thus  supporting  what  was  already 
inferred  from  the  rectilineal  position  of  the  four  points.  A,  D,  6,  and  F, 
that  the  rocks  do  resist  unequally  in  two  transverse  directions.  If  we 
assume  as  above  ten  feet  for  depth  of  water  at  the  American  Fall,  and 
a  depth  four  times  as  great  for  that  of  the  Canadian  Fall,  which  does  not 
seem  extravagant,  also  a  velocity  at  the  latter  fall  twice  as  great  as  at 
the  former,  it  would  then  require  a  resistance  two  and  a  half  times 
greater  in  one  direction  than  the  other.  Is  this  too  great  to  be  sup- 
posed ?  A  still  greater  relative  resistance  to  abrasion  would  be  re- 
quired if,  instead  of  comparing  the  fall  F  H  with  the  American  Fall, 
we  compare  it  with  the  other  partial  fall  F  6,  unless  we  suppose  in 
this  last,  a  depth  of  water  and  velocity  of  fiow,  much  less  than  in  F  H, 
which  does  not  appear  probable. 

If  the  curved  form  of  the  Canadian  Fall  be  regarded  not  as  arising 
from  the  unequal  resistance  of  the  rock  in  different  directions,  but  as 
the  normal  form  throughout  the  course  from  A  to  G,  it  will  still  be 
true  that  the  main  fall  has  cut  its  path  of  nearly  uniform  width  and 
direction,  very  nearly  as  though  the  American  Fall  did  not  exist, 
the  vertex  receding  from  B  to  F.  The  ratio  of  recess  would  then  be 
as  40  yards  to  about  800  yards,  or  as  1  to  20,  and  reduced  one  fourth 
according  to  principles  given  above,  would  be  as  1  to  15,  which  would 

(7) 
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still  require  a  re«8tance  in  the  line  of  direotioa  of  \he  American  Fd 
liearlj  twice  as  great  as  in  the  oliier,  showing' tftat  ihe  reasttnoe  mu 
greater  in  one  directi<m  Aan  in  another^  at  tbt  Amniomi  JV^  if  w- 
where  else. 

Another  mode  of  explaining  the  inequality  of  recession  oecnn  to 
me ;  to  suppose  the  effect  produced  by  the  volume  of  water  is  not  pw* 
portioned  to  the  volume  simply^but  to  some  power  of  the  volume,  aslfe 
f  power  or  the  second  power ;  but  still  the  continuity  of  the  hue  A  D  6 
to  F,  appears  to  me  to  require  the  suppositioa  of  a  great  inequalilj  tf 
resistance  in  transverse  directionBy  siBce  we  cannot  suppose  aay  gnit 
inequality  of  depth  or  velocity  in  the  two  partial  &lls»  F  6  and  F  E 

Good  observations  are  wanting  on  the  width,  depth,  and  velodtftf 
the  streams  at  several  points  above  the  two  falls,  in  order  to  esdmate 
the  volume  of  water  passing  over  each,  also  of  the  velocity  at  or  oev 
the  brink  of  each  fall ;  then  from  the  known  volume,  linear  length  of 
brink,  known  from  survey,  and  the  known  velocity  at  the  brink,  tte 
depth  of  water  there  might  be  computed  for  each,  if  required.  Ihe 
ratio  of  volumes  of  water  compared  with  the  ratio  of  raeession  wooU 
show  how  far  inequality  of  resistance  entered  as  a  ftctor  in  the  tni 
effect 

Besides  the  usual  modes  of  estimating  the  velocity  of  the  6treaa^ 
such  as  the  space  passed  through  in  a  given  time  by  objects  floatbigia 
the  stream,  etc,  the  following  method  might  be  practised,  by  obsemh 
tions  on  the  parabola  described  by  the  cascades  at  different  ponli 
Direct  the  centre  of  the  cross  wires  of  a  theodolite  to  the  summit  S  «f 
the  curve  of  the  cascade  at  a  distance  fixxm  the  instrument  known  bf 
survey,  then  turn  the  telescope  through  a  known  horixtnUal  an^^  to 
the  point  0,  then  depress  the  telescope  through  a  known  verfiea/aaglB 
to  a  point  P  in  the  stream  of  water  proceeding  £rom  S,  then  firam  Hum 
known  angles,  and  the  known  depression  of  the  points  O  and  S  belov 
the  centre  of  the  instrument,  and  die  distance  of  S,  find  the  lengthi  of 
O  S  and  O  P  in  feet ;  then  will  the  required  velocity  v  at  the  point  8^ 
be  given  by  the  equation  v ^  -^^.    The  chief  difficulty  will  be  in 

determining  the  point  S  or  vertex  of  the  parabolic  curve. 

The  points  I  have  sought  to  establish  in  the  preceding  paper,  on  the 
supposition  that  the  gorge  is  excavated  by  the  action  of  the  fiedls  theoh 
selves,  are  the  following :  — 
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1.  That)  from  tbe  sameness  of  direction  of  the  sides  of  the  gorge 
above  and  below  the  American  Fall,  the  main  fall  has  cut  its  way  to  G 
jndependentlj  of  the  existence  of  a  lateral  stream  or  fidL 

2.  That  the  recession  of  the  main  fall  is  not  less  than  ten  or  fifteen 
times  greater  iJian  that  of  the  American  Fall,  and,  therefore,  that  no 
iledaction  from  the  recession  of  the  latter  is  applicable  to  the  former, 
idtboat  modification. 

S.  Thaty  if  the  ydnme  of  water  at  the  Canadian  Fdl  be  not  so  much 
as  ten  or  fifteen  times  greater  than  at  the  American  Fall,  (which  is 
fimlmowp,  but  doea  not  seem  to  me  probal^le,)  the  resistance  to  abrasion 
cfiered  bj  the  strata,  in  the  direction  of  the  goi^e,  must  be  less  than 
in  the  transverse  direction  at  the  American  Fall,  perhaps  not  half  as 
great 

4.  That  in  consequence  of  the  continuity  of  the  line  A  D  6  to  F, 
it  is  probable  that  the  abrasion  in  the  Canada  Fall  takes  place  chiefly 
along  the  line  F  H,  and  that  the  recession  of  this  fall  will  be  in  the 
iUrection  of  the  line  F  I,  so  that  finally  the  line  of  brink  of  the  two 
fidb,  Canadian  and  American,  will  be  nearly  the  same,  along  the  line 
A  I,  or  one  parallel  to  it 

PosTSCsiPT.^— Through  the  kindness  of  Professor  Hall  I  have 
seen  a  copy  of  his  note  to  be  appended  to  my  letter  to  him  on  the  Falls 
of  Niagara.  Only  a  few  additional  remarks  on  my  part  seem  to  be 
required. 

The  use  of  the  term  airarion  may  not  have  been  judicious ;  I  desired 
to  express,  not  the  wear  of  the  rock  by  attrition  or  erosion,  by  the  mere 
friction  of  the  water,  but  the  whole  wear,  waste,  or  removal  of  the 
Tocky  strata  by  the  mechanical  action  of  the  water  in  motion,  in  what- 
ever way  it  occurred ;  I  do  not  find  that  geologists  use  any  definite 
term  to  express  the  sum  or  result  of  these  actions,  nor  does  a  more  ap- 
propriate one  present  itself  to  me  at  this  moment  than  the  word  abrupt 
tiany  to  express  it 

Before  venturing  to  ofier  suggestions  with  relation  to  phenomena  that 
I  have  not  recently  examined  in  person,  I  of  course  prepared  myself 
by  studying  the  accounts  given  by  others,  as  is  implied  in  my  letter, 
and  certainly  did  not  omit  to  read  carefully  Professor  Hall's  account  of 
the  falls,  and  of  the  geological  structure  of  the  precipice,  in  the  Report 
of  the  Fourth  Geological  District  of  New  York,  and  indeed  his  map 
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and  sections  of  the  falls  were  constantly  before  me  while  writing ;  the  dip 
and  strike  of  the  strata  were  known  to  me,  as  also  the  position  of  the 
latter,  with  relation  to  the  line  of  brink  of  the  different  falls.  It  wasi 
therefore,  not  unknown  to  me  that  the  general  direction  of  the  goi^  was 
transverse,  or  nearly  so,  to  the  line  of  strike,  but  I  did  not  allade  to 
this  point,  because  the  fact  of  unequal  resistance  to  abruption  in  dif* 
ferent  directions  was  first  to  be  proved,  and  because  if  proved,  I  did 
not  see,  nor  do  I  now  see,  how  it  might  depend  upon  the  position  of  the 
line  of  strike. 

By  the  phrase  ^  unequal  resistance  to  abrasion  or  abrupdon,"  I  do 
not  mean  unequal  hardness  or  difference  of  texture  or  of  structure  of 
the  rock  in  different  directions,  but  by  it  I  intended  to  express  the  bare 
fact  that  the  abruption  of  the  rock  proceeded  faster  in  one  directioa 
than  in  another,  after  making  due  allowance  for  the  difference  in  the 
volume  of  water,  leaving  the  cause  or  reason  of  this  more  rapid  pro- 
gress, for  further  investigation. 

I  by  no  means  hold  myself  pledged  to  support  the  hypothesis  of  un- 
equal resistance,"  because  I  have  once  offered  it  If  the  view  of  Pro- 
fessor Hall  be  correct,  that  the  dip  of  the  strata  southward  gives  an 
increase  of  depth  and  of  volume  of  water,  as  the  falls  recede,  suffideot 
to  account  for  the  more  rapid  progress  in  the  direction  F  I,  then  the 
whole  effect  will  be  referred  to  the  most  obvious  causes,  the  volume 
and  velocity  of  the  stream,  and  the  hypothesis  of  unequal  resistance 
will  be  unnecessary.  In  such  case,  I  shall  have  no  disposition  to  main- 
tain that  hypothesis,  as  I  can  have  no  reason  for  doing  so.  It  does 
not,  however,  appear  to  me  yet  proved,  that  the  increase  of  dip  is  suf- 
ficient to  account  for  the  difference  in  the  rate  of  progress. 

With  what  accuracy  the  depth  of  water  on  the  falls  can  be  ascer- 
tained from  the  rate  of  dip  of  the  strata,  or  the  particular  stratum  de- 
termined, that  forms  the  bed  of  the  fall,  I  cannot  presume  under  pres- 
ent circumstances  to  judge. 

NoTB — By  Professor  J.  Hall.  The  points  noticed  by  TrotoBaor  Gibbes  seem  to 
me  to  be  well  taken.  With  regard  to  the  rate  of  recession  of  the  falls,  so  one  csa 
presume  to  have  accorate  data.  The  fact  of  recession  is  apparent,  and  proTed  hf 
obsenration  and  historical  records. 

The  general  direction  of  the  chasm  or  goige  from  Lewiston  to  the  Canadian  Nl, 
is  in  the  same  direction  as  the  dip  of  the  rock.  This  will  be  seen  by  refereoee  to 
the  map.    When  the  fall  was  at  the  line  A  A,  of  the  acoompanying  diagrHn,]li 
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•levatioii  was  alwot  the  aame  at  the  northern  maigin  of  the  American  Fall  at  the 
present  time.  Supposing  the  strata  to  haye  been  previoasly  unbroken  on  the  sonth- 
weaty  every  yard  of  recession  in  that  direction  would  give  a  greater  depth  of  water 
OTer  the  maigin  of  the  fall,  by  the  rate  of  dip  in  the  rocky  bed.  The  recession  in 
this  direction,  therefore,  giying  a  constantly  increasing  depth  of  water,  would  give, 
also,  an  increased  relodty  along  the  slope  above  the  fall,  owing  to  the  greater  de- 
divitj. 

Under  these  circumstances  the  recession  of  the  gorge,  in  the  direction  of  the 
Horseshoe  Fall,  would  continually  abstract  a  portion  of  the  water  flowing  in  the 
4>ther  channel.  In  order  to  be  convinced  of  this,  it  would  only  be  necessary  to  ex- 
tend the  chasm  half  a  mile  further  in  the  direction  of  the  dip  to  show  that  no  water 
could  reach  the  American  Fall.    This  may  be  satisfactorily  shown  by  a  diagram. 

The  character  of  the  upper  beds  of  the  Niagara  limestone  are  in  general  so  uni- 
form, that  we  can  scarcely  conceive  that  a  greater  fiicility  of  abrasion  is  presented  in 
one  part  than  in  another.  We  do  not  perceive  any  reason  for  supposing  that  the 
su^on  of  the  same  volume  of  water  could  have  been  more  effective,  when  applied 
in  the  duection  opposite  to  the  dip,  than  when  applied  in  an  oblique  direction.  The 
lecession  could  not  have  gone  on  to  produce  the  American  Fall,  without  giving  a 
^[reater  depth  and  increasing  volume  of  water  over  the  receding  Canadian  Fall. 

If  this  view  be  correct,  the  gradual  recession  of  the  Canadian  Fall  in  the  direction 
of  F  I,  is  inevitable,  since  the  depth  and  volume  of  water  must  constantly  increase 
as  the  elevation  of  the  fall  decreases,  until  the  whole  is  drawn  to  this  channel. 

It  is  not  impossible  that  some  inequality  of  surface  may  produce  another  fall,  on 
the  south  side  of  Goat  Island,  similar  to  the  American  Fall. 

It  appears  to  me  that  the  most  certain  mode  of  estimating  the  depth  of  water  on 
the  Horseshoe  Fall,  would  be  to  calculate  carefully  the  rate  of  dip  in  the  bed  of  rock 
forming  the  first  step  in  the  precipice.  This,  if  accurately  measured,  for  a  few  hun- 
dred yards  below  the  £Edl,  and  its  rate  ascertained,  would  give  the  means  of  ascertain- 
ing the  amount  of  dip  after  passing  beneath  the  water  and  the  farthest  point  of  the  fall. 
With  this  determined,  the  elevation  of  the  surface  of  the  water  above  the  face,  from 
any  point  on  this  rock  below  the  fall,  would  determine  the  depth.  The  depth  of  water 
over  the  onbioken  table  rock  at  the  Horseshoe  Fall,  must  be  less  than  fifty  feet,  and 
19  probably  much  less  than  that ;  while  on  the  American  Fall  the  water  is  very  shal- 
low. This  is  possibly  more  than  five  feet,  but  if  the  water  were  evenly  distributed 
over  the  entire  width  of  the  fall,' it  would  be  less  than  five  feet. 

One  &ct  should  not  be  overlooked  in  regard  to  the  resistance  and  abrasion  of  the 
rock  at  Niagara  Falls.  It  is  not  by  abrasion  simply,  of  the  upper  limestone,  that 
the  falls  recede.  The  limestone  overUes  a  soft  calcareous  shale,  which  is  easily 
flfiected  by  moisture  and  frost;  and  the  erosion  of  this  shale  is  constantly  in  ad- 
Tanoe  of  the  limestone  above,  which  remains  as  an  overhanging  mass,  falling  in 
huge  masses  from  its  own  weight,  and  the  pressure  of  the  water  above.  This  con- 
dition is  sufficiently  shown  by  the  fact  that  persons  walk  behind  the  sheet  of  water 
and  beneath  the  overhanging  limestone.  The  support  or  platform  beneath  the  feet, 
in  this  case,  is  a  stratum  of  limestone  beneath  the  shale,  which,  in  some  measure, 
■npporta  the  lower  part  of  the  shale,  and  projects  into  the  water  below  the  level  of 
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the  river  at  the  bend  of  the  Honeshoe,  and  is  broken  down  in  masaes  ai  the  rod 
above  is  broken  down. 

The  geological  stractore  is  folly  explained  in  the  Beport  of  the  Foutfa  Geokgiol 
District  of  New  York,  and  in  the  Journal  of  the  Boston  Socie^  of  Natual  H» 
tory,  vol.  iv.  p.  106. 

So  fiEur  as  regards  the  points  sought  to  be  established  in  Dr.  Gibbet's  paper,  it  ip- 
pears  to  me  that  the  first  and  second  are  clearljr  proved ;  — with  respect  to  the  Had 
we  do  not  agree,  while  the  fourth  I  regard  as  mainly  sustained. 

I  must  still  maintain,  in  opposition  to  the  views  of  Mr.  Desor,  that  the  bed  of  the 
Niagara  will  continue  to  ascend  as  the  falls  recede,  at  a  rate  which  will  predade  fat 
ever  any  drainage  of  Lake  Erie.  It  does  not  appear  necessary  to  repeat  here  the 
arguments  in  fiivor  of  this  view. 


6.  On  the  Broadtop  Coal  Babin  in  Central  Pennstltaitu. 
With  a  Map,  by  J.  P.  Lbslet,  of  Philadelphia. 

The  first  descriptions  published  of  this  small  isolated  semibitaiiu- 
nous  coal-field  were  necessarily  very  imperiect,  mere  notices  oi  tbe 
&ct  of  coal  existing  at  several  points  within  a  radius  of  eight  or  ten 
miles,  and  of  the  reason  why,  namely,  the  existence  of  a  deep  syneli- 
nal  in  the  heart' of  the  Upper  Silurian  region,  between  Huntingdoo 
on  the  Juniata,  and  Bedford  Springs.  After  an  examination  of  two 
months  or  more  by  Mr.  Alexander  McEinley,  in  1838,  a  'short  state- 
ment of  the  general  outline  and  supposed  subdivision  of  the  field  into 
small  parallel  troughs,  was  engrossed  by  Professor  H.  D.  Bogers  in 
the  Annual  Report  of  the  Geological  Survey  of  the  State ;  but  it  was 
impossible  to  say  at  that  time,  even  how  many  beds  of  coal  it  ooo- 
tained,  in  what  way  the  dynamic  geology  would  develop  itself,  or 
what  were  the  actual  relationships  existing  between  the  carbooifeioas 
formation  in  this  outlier,  and  in  the  main  body  of  the  bituminous  oosl- 
field,  the  edge  of  which  along  the  summit  of  the  Alleghany  Moontains 
is  about  forty  miles  distant  In  this  condition,  the  author  took  up  its 
:8tudy  in  the  spring  of  1855,  and  has  made  a  nearly  complete  sarrejrf 
the  seventy  or  eighty  square  miles  which  it  covers.  The  leveb  J 
over  nine  thousand  points  upon  the  mountain  have  been  obtained,  and 
(the  structure  made  out  with  a  fair  approximation  to  accuracj.   Id 
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another  season,  the  economical  operations  on  the  mountain  will  be  so 
multiplied,  that  the  minutest  features  of  structure  will  become  known, 
and  a  complete  discussion  of  the  fossils  be  possible.  The  present  paper 
is  intended  to  present  only  the  fact  and  method  of  my  survey,  with 
its  three  principal  results. 

1.  It  has  determined  that  the  succession  of  the  measures  is  not 
different  from  the  system  made  out  in  Western  Pennsylvania  and 
Eastern  Ohio.  There  is  a  base  of  Carboniferous  conglomerate  lying 
upon  the  Ked  Shale,  from  one  to  two  hundred  feet  thick,  massive, 
homogeneous,  ferruginous,  seldom  conglomeritic,  except  as  a  whole,  but 
always  in  certain  of  its  layers,  much  of  it  oblique  in  deposition,  and 
presenting  magnificent  expressions  of  a  cleavage  nearly  vertical, 
which  oflen  completely  masks  the  stratification. 

Over  this  is  the  series  of  lower  coal  beds,  then  the  barren  meas- 
ures, and  over  all  the  Pittsburg  coal  bed,  the  beginning  of  the  upper 
series.  The  purple  shales  of  the  barren  measures  are,  however, 
wanting,  their  place  being  supplied  by  ferruginous  sandy  shales. 

The  coal  beds  are  mostly  identified  with  those  of  the  head  waters  of 
the  Ohio,  not  by  limestone  companions,  for  these  are  almost  entirely 
absent,  nor  by  beds  of  iron  ore,  which  are  rare,  and  on  which,  at  any 
rate,  little  reliance  can  be  placed, — but  by  their  order  in  the  series, 
by  certain  general  characters,  and  by  their  relations  to  the  two  con- 
glomerates, the  one  at  the  base  of  the  whole  system,  and  the  other 
at  the  base  of  the  middle  member  of  the  barren  measures,  a  rock  as 
wide  spread  as  the  true  conglomerate,  and  known  as  the  Mahoning 
Sandstone.  In  the  heart  of  this  rock  is  a  workable  coal  bed,  and 
between  it  and  the  lower  conglomerate  two  others,  with  four  or  five 
smaller  beds.  The  larger  beds  are  from  ^ve  to  ten  feet  thick ;  the 
lesser  ones  from  one  to  three.  In  the  barren  middle  series,  which  is 
four  hundred  feet  thick,  are  several  very  small  seams  of  carbonaceous 
matter.  The  Pittsburgh  coal,  and  two  hundred  feet  of  the  upper  coal 
series,  with  no  workable  beds  as  yet  known,  but  with  one  thin  lime- 
stone, the  representative  of  the  limestone  of  Greensburg,  (there 
eighty  feet  thick,)  occupy  the  four  geologically  highest  summits  of 
the  basin,  the  whole  thickness  of  coal-measures  in  which  is  about  nine 
hundred  feet 

2.  The  structural  results  of  the  survey  are  interesting,  for  they  ex- 
hibit in  cross  section  the  whole  basin,  seven  or  eight  miles  wide. 
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divided  by  a  main  anticliiial  into  two  principal  troughs,  and  these  sqIh 
divided  into  numerons  narrow  synclinals  or  swamps,  by  a  system  of 
horsebacks,  not  parallel  to  it,  but  traversing  the  basins  at  a  low  an^ 
with  their  sides,  and  issuing,  as  in  the  Wyoming  and  other  coal-fieldi^ 
into  the  Red  Shale  valleys,  through  the  walls  of  conglomerate.  The 
larger  of  these  synclinals  form  north-eastward  nonnal  terminal  knobs, 
overlooking  the  great  Bed  Shale  valley  of  Troughcreek,  bat  aooth> 
westward  flatton  out  along  the  crest  of  conglomerate,  which  runs  very 
obliquely  across  them.  Their  strength,  however,  in  the  Red  Shale 
has  yet  to  be  determined,  and  I  suggest  here  that  I  know  of  no  poinl 
of  detail  in  structural  geology  more  worthy  of  elaboratioa  than  this 
very  difficult  problem:  of  determining  by  a  sufficient  number  of 
thoroughly  worked  out  examples,  the  law  of  the  changes  undergone 
by  our  numerous  systems  of  small  anticlinals,  wherever  they  pass  out 
from  the  massive  sands  into  the  equally  massive  but  more  plastic  day 
formations.  I  well  remember  certain  very  curious  geometrical  specu- 
lations upon  this  point,  of  Mr.  James  D.  Whelpley,  nearly  twenty 
years  ago,  which  he  was  led  into  by  his  devdopment  of  the  geology 
of  the  Pennsylvania  anthracite  coal-fields,  but  which  there  was  no 
possibility  at  that  time  of  demonstrating,  nor  has  there  been  since.  I 
believe  that  the  discovery  of  this  law  will  be  in  a  good  degree  the  set- 
tlement  of  the  question,  whedier  the  wave  theory  of  H.  D.  Rogers, 
or  the  pressure  theory  of  Elie  de  Beaumont  is  to  be  adopted* 

In  this  connection  the  curves  of  a  broadtop  cross  section  are  very 
significant.    Looking  south-west  they  appear  thus  :•*- 


It  will  be  at  once  perceived,  that  the  sfosp  slopes  are  oommoiily 
opposed  to  the  normcd  direction ;  that  is,  face  the  south-east  instead  of 
the  north-west,  and  to  my  eye,  present  every  evidence  of  an  origia 
purely  compressive,  and  not  of  an  ori^  due  to  fluid  progression  in 
either  direction.  In  the  Terrace  mountain  alongside,  we  have  the  only 
instance  of  overturn  to  the  east  which  I  remember  to  have  seen.  I 
believe  that  in  this  matter  of  the  normal  curve,  we  have  be^i  modi 
misled  by  making  our  sections  too  lai^^e,  by  not  measuring  them  cars- 
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fully  enough,  by  omitting  the  smaller  dezures,  or  Aising  them  into 
the  larger  ones,  and  by  allowing  the  eye  to  be  captured  by  the  grander 
features  of  the  waved  line  which  has  thus  fallen  fancifully  into  ryth- 
mical sequences  and  series  of  advancing  waves.  Every  continuous 
Appalachian  cross  section  should  be  no^  only  carefully  measured  in  all 
its  dimensions,  but  reduced  to  so  small  a  scale  that  the  genius  of  its 
curves  from  end  to  end  can  pass  at  once  under  inspection,  and  be  dis- 
cussed without  prejudice. 

The  abruptness  of  some  of  these  Broadtop  anticlinals,  compared 
with  the  general  flatness  and  repose  is  very  remarkable,  and  is 
to  be  explained  so  far  as  I  can  see,  by  nothing  but  side  pressure.  No 
faults  have  yet  been  discovered  exceeding  a  foot  or  two ;  but  crushes, 
etc  are  numerous  along  the  horsebacks.  The  coal  is  universally 
slipped  but  seldom  crushed,  and  hitherto  has  been  found  not  only  hard- 
est but  thickest  in  the  steep  dips. 

A  very  interesting  fact  connected  with  the  formation  of  coal,  re- 
quires more  positive  proof  than  I  can  at  present  give  it,  namely,  that 
the  sulphuret  of  iron  abounds  in  the  tyncUnah.  Miners  and  engine 
drivers  insist  upon  its  truth  that  where  the  bed  is  inclined  steeply,  the 
coal  is  purer,  and  where  it  lies  flat  the  coal  is  soft  and  comparatively 
rich  in  sulphur. 

3.  The  Fre-carboniferous  coal-measures  beneath  the  Bed  Shale,  are 
represented  in  this  region  by  one  or  more  beds  of  black  slate  contain- 
ing a  little  coaL  The  subcarboniferous  limestone  and  iron  are  also 
present,  but  not  in  much  force. 

I  hope  to  be  able  to  present  at  the  next  meeting  of  the  association, 
a  perfect  map  of  the  region,  and  at  least  one  very  large  specimen  of 
a  vegetable  plume,  not  from  the  red  shale,  but  from  the  conglomerate, 
and  some  statement  of  the  palaeontology  of  the  basin.  As  yet  my 
attention  has  been  too  much  engrossed  by  the  details  of  topography  and 
structure,  to  pay  due  regard  to  any  thing  else,  nor  am  I  competent  to 
utter  an  opinion  worth  the  consideration  of  fossil  botanists,  until  the 
collections  which  I  have  begun  upon  the  mountain  shall  have  been 
studied  by  those  who  can  arrive  at  respectable  results. 
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7.  Notes  on  the  Geoloot  of  Middle  akd  Southebk  Ala* 
BAMJL.    By  Professor  A.  Winohell,  Ann  Arbor,  Michigan. 

.  DuBiNO  a  residence  in  middle  Alabama  of  something  more  than 
three  years,  I  enjoyed  occasional  opportunities  for  observation  opon  tlie 
cretaceous  and  tertiary  rocks  of  that  State.  By  request,  I  pretest 
some  of  the  results  of  my  observations  in  that  geologically  interestn^ 
region.  I  cannot  promise  much  that  is  new,  but  perhaps  the  reoenl 
developments  of  the  great  extent  and  richness  of  the  cretaoeoos 
deposits  of  the  United  States  will  attach  some  degree  of  interest  to 
what  little  I  may  have  to  add  to  previous  information  in  reference  to 
the  southern  bend  of  the  great  cretaceous  belt 

My  observations  in  Alabama  have  extended  from  Tuscaloosa  throogb 
the  counties  of  Pickens,  Sumpter,  Greene,  Perry,  Dallas,  Wiloox, 
Marengo,  Clarke,  Washington,  and  Monroe,  in  all  of  which  I  hsve 
travelled  by  private  conveyance,  and  almost  everywhere  prefler?ed 
such  characteristic  fossils  as  presented  themselves.  I  have  visited  all 
the  localities  along  the  Alabama,  Tombigby,  Black  Warrior,  and  Car 
haba  Bivers  that  had  been  rendered  famous  by  the  researches  of  my 
predecessors,  and  have  preserved  sections  of  these  and  many  ethos 
taken  on  the  spot  I  always  kept  notes  in  my  carriage  of  every  tbisf 
observed,  and  from  these  I  extract  what  I  am  about  to  present  H7 
geological  travels  have  extended  to  the  Carboniferous,  Silurian,  Cre- 
taceous, and  Tertiary  formations,  but  my  remarks  will  be  confined  to 
the  two  latter. 

The  accompanying  geological*  map  exhibits  at  once  the  extent  and 
the  results  of  my  observaUons.  The  following  Section  may  convej 
some  idea  of  the  geological  relations  of  this  part  of  the  State. 

*  Not  published. 
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The  following  table  shows  the  principal  strata  which  I  have  reoog- 
nizedy  arranged  in  the  order  of  superposition  :•*- 

L  Loam,  Pebbles,  etc,  Saperfidal. 

n.  White  Limestone,  )  ^^ 

HLGnjenSand,  j  Upper  Boceoe. 

IV.  Bahr  Stone,  )  _         ^ 

V.  Buff  Sand,  J  Lower  Eocene. 

VI.  Pnirie  Bluff  Limestone, 
Vn.  White  Sand,  [  Upper  Cretaceous. 

Vni.  Rotten  Limestone, 
IX.  Concrete  Sand, 

X.  Loose  Sand,  \  Lower  Cretaceous. 

XI.  Sand  and  Claj, 

XII.  Coal-Measures,  '  Cartwniferons. 

A  III.  Dark  Limestone  and  Slates,     Silurian. 

Omitting  for  the  present  the  superficial  deposits,.  I  propose  to  con- 
sider, in  a  descending  order,  the  several  strata  enumerated : — 

1.  The  White  UmeeUme. 

I  shall  not  take  the  time  to  recapitulate  what  is  already  known  of 
this  or  any  of  the  succeeding  strata.  The  researches  of  LjeD,* 
Tuomey,t  Conrad,t  and  others  have  satisfactorily  setiled  the  relstiTe 
age  of  the  bluffs  at  St.  Stephens  and  Claiborne,  but  I  am  not  aware 
that  any  geologist  has  noticed  anywhere  the  immediate  juxtapositioD 
of  the  white  limestone  of  St.  Stephens,  and  the  continuation  <^  the 
Claiborne  sand-bed.  Professor  Tuomey,in  his  ^  First  Biennial  Bepoit 
on  the  Geology  of  Alabama,^  p.  157,  says:  <<It  must  be  reooUeded 
that  the  Claiborne  fossiliferous  bed  is  nowhere  found  in  absolute  jm- 
taposition  with  the  overlying  orbilulites  limestone." 

In  crossing  from  Jackson,  below  St  Stephens  to  Guborae,  I  visits 
Stave  Creek,  about  four  miles  north  of  the  main  road.  This  creek 
has  formed  high  vertical  bluffs  at  the  bottom  of  a  very  deep  ravine. 
At  this  place  I  had  the  satisfaction  of  seeing  at  top,  the  well  known 


*  Quart.  Jour.  Geol.  Soc.  Feb.  1, 1848. 
t  Bep.  on  the  Geol.  of  Ala.  p.  156. 
I  Jour.  Acad.  Nat.  Sc.  [H.]  L  112. 
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white  limestone,  full  of  the  characteristic  fossils,  underlaid  bj  bluish 
green  sand  filled  with  the  Qaiborne  fossils,  and  at  the  base,  a  bed  of 
shale  precisely  as  at  Claiborne',  but  destitute  of  fossils.  On  the  land 
of  Joseph  Chapman  also,  a  few  miles  west  of  Macon,  (now  called 
Grove  Hill,)  in  Clarke  county,  some  of  the  branches  of  the  Satilpa 
Creek  have  excavated  ravines  to  such  a  depth  that  in  many  places  the 
Claiborne  sand  bed  is  exposed,  while  the  white  limestone  caps  the  hills 
above.  The  sand  in  these  places  is  quite  blue  and  the  fossils  are  very 
abundant  and  well  preserved. 

The  limestone  near  the  top  of  the  bluff  at  Claiborne  is  undoubtedly 
the  GonUnuation  of  the  white  limestone  of  St  Stephens  and  Clarke 
county ;  though  just  at  this  point  its  mineral  characters  are  not  so  well 
marked.  This  limestone  is  seen  thinning  out  near  the  top  of  the  bluff 
at  Bell's  Landing,  a  few  miles  above  Claiborne.  Below  is  the  green 
sand  bed  with  its  familiar  forms,  while  the  lower  half  of  the  bluff  is 
occupied  by  the  dark  shale,  seen  at  the  base  of  the  Claiborne  bluff. 
From  the  sand  bed  of  this  bluff  I  collected  uncommonly  large  speci- 
mens of  Turritella. 

None  of  the  writers  on  the  white  limestone,  so  far  as  I  have 
observed,  make  any  important  distinction  between  the  upper  and  lower 
portions.  At  St  Stephens,  it  is  clearly  separable  into  three  sections. 
At  the  bottom  of  the  bluff,  the  limestone  is  compact,  gray,  and  inter- 
sected by  firmly  concreted  bands.  The  characteristic  fossil  is  Plagtos- 
toma  dumosunu  This  stratum  has  been  nowhere  else  observed.  The 
middle  portion  of  the  bluff  consists  of  well  characterized  white  lime- 
stone, containing  Peeten  Potdsoniy  ScuteUa  Ltfettt,  and  S,  Rogersi, 
The  prolongation  of  this  bed  to  Bettis's  Hill,  near  Suggsville,  contains 
abundance  of*  Ostrea  panda.  The  same  is  true  of  it  at  Claiborne. 
The  upper  portion  of  the  St.  Stephens  bluff  seems  to  me  to  present 
knportant  points  of  distinction  from  other  portions  of  the  white  lime- 
stone. It  consists  of  strata  of  white  hard  silicious  limestone.  It  is 
only  in  this  portion  of  the  bluff  that  OrhiluHtes  Mantelli  occurs. 
These  silicious  strata  are  seen  capping  the  hills  everywhere  in  the 
neighborhood.  It  is  this  portion  of  the  bluff  which  is  used  for  build- 
ing, and  some  of  the  houses  of  the  ancient,  though  now  deserted  settle- 
ment on  the  bluff,  constructed  of  this  material,  are  still  standing. 
These  same  silicious  strata  are  seen  capping  the  hills  around  Joseph 
Chapman's,  between  Clarksville  and   Macon.    They  contain  here, 

(8) 
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besides  OrbiluUieSf  numerous  sharks'  teeth  and  spines  of  JBekimy  at 
well  as  fragments  of  branching  corals.  It  is  seen  also  on  the  soiimiii 
of  Betds'  Hill,  west  of  Suggsville,  and*  here  contains  the  same  fossils 
as  in  the  latter  placoi  while  the  zeuglodon,  limestone  is  readily  recog- 
nized below,  containing  ScuteRay  Pecten  PouUimiy  and  0$trea  pandoj 
quite  a  distinct  group.  For  Hiese  reasons  I  would  suggest  the  possi- 
ble  propriety  of  recognizing  two  stages  of  the  white  limestone. 

2.  The  Green  Sand. 

I  adopt  this  term  from  Professor  Tuomey,  though  appareatly  this 
deposit  would  be  better  characterized  as  blue  sand.  This  is  the  bed 
so  celebrated  by  the  labors  of  Conrad  and  Lea.  As  already  stated,  I 
haTC  observed  it  in  the  beds  of  creeks  near  Macon,  and  in  the  blaff 
below  the  zeughdon  limestone  on  Stare  Creek.  It  is  also  seen  by  ths 
road  side,  a  few  miles  east  of  Suggsville,  The  color  of  this  sand  a 
decidedly  blue  in  its  western  prolongation,  while  toward  the  east,  it 
becomes  gradually  more  ferruginous,  and  at  Claiborne,  it  is  of  a  decided 
buff  color.  At  Bell's  Landing  above,  it  is  somewhat  greenish.  The 
palffiontological  characters  of  this  deposit  are  wdl  known,  and  I  hsre 
nothing  to  add  at  present  to  previous  knowledge.  Orqndula  firuAi 
seems  to  be  one  of  its  most  abundant  and  characteristic  fossils  eveiy* 
where  except  at  Claiborne.  Ostrea  AlabamentU  I  have  not  found  M 
Claiborne,  while,  in  the  interior  of  Clarke  county,  it  fonns  ezteosife 
beds.  The  thick  bed  of  limestone,  which  underlies  the  sandy  beltM 
Claiborne,  has  not  been  recognized  elsewhere.  Perhaps  its  oooB^ 
rence  here  is  accidental. 

Our  geologists  have  generally  spoken  of  the  white  limestone  grosp 
as  belonging  to  the  Newer  £ocene,  while  the  green  sand  has 
placed  with  the  Older  £ocene.  I  would  not  for  a  moment 
an  opinion  discountenanced  by  the  venerable  and  accomplished  pahBOO* 
tologist,  to  whom  we  are  so  greatly  indebted  for  our  knowledge  ef 
American  tertiary  deposits,  but  I  cannot  help  presenting  here  fiv  con- 
sideration, the  fact,  that  at  Stave  Creek,  where  I  saw  the  zeugUm 
limestone  in  immediate  superposition  above  the  green  sand,  I  was  aUe 
to  trace  in  it  obscure  casts  of  the  identical  fossils  of  the  latter. 
Among  others  which  were  too  indistinct  to  identify,  I  saw  TmriiA 
Mortani  and  Candita  pUmicosta.  Still,  I  must  admit  that  these  two 
fossils  present  a  great  vertical  as  well  as  horizontal  range  among  the 
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Eocene  rocks  of  Alabama,  and  their  identification  alone  might  not 
be  considered  sufficient  ground  for  uniting  the  green  sand  to  the  St. 
Stephens  Group  of  Conrad.*  At  any  rate,  the  organic  origin  of  the 
idriM  limestone  is  clearly  shown  by  these  discoveries, 

S.  The  Buhr-€toM  Formation. 

Professor  Tuomey,  in  his  report  already  referred  to,  gives  this  name 
to  the  clayey,  sandy,  and  silieified  strata,  which  occupy  the  lower  por^ 
tions  of  the  Eocene  deposits  of  the  Southern  States.  I  present  the 
observations  which  I  hare  made  upon  these  deposits  in  localities  not 
jpartlcularly  spoken  of  by  -others. 

•  In  passing  from  Maoon,  north-easterly,  I  saw  by  the  road  side  and 
everywhere  in  ravines,  about  six  miles  fh>m  Lower  Peach  Tree, 
inasses  of  chert  or  homstone  filled  with  silidfied  shells.  These  are 
aceompaaied  by  a  light-colored  clay.  Similar  beds  are  seen  at  inter- 
nals as  far  as  the  Alabama  River,  on  the  road  towards  Camden,  but 
nowhere  could  I  obtain  a  good  view  of  the  extent  or  mutual  relations 
iyf  these  beds.  Near  the  ferry,  at  Lower  Peach  Tree,  are  large 
masses  of  calcareous  grit,  containing  TarriuUa  Mortoni^  Cardita 
pkcnicoitOy  and  other  tertiary  fossils. 

r  Twenty-five  miles  east  of  the  Alabama  RiVer,  on  the  road  from 
Monroeville  to  Allenton,  I  discovered  beds  of  clay  and  grit,  corre* 
q[N>nding  to  those  seen  west  of  the  river.  At  eight  miles  below  Turn- 
bull  I  attained  a  hill,  descending  which,  I  saw  scattered  along  for  a 
quarter  of  a  mile  numerous  fragments  of  calcareous  grit,  very  hard, 
and  rendering  the  road  exceedingly  bad.  In  this,  were  noticed  impres- 
sions of  OardUa  planic09t€tj  and  other  fossils.  Further  down  the  hill, 
these  gritty  beds  are  underlaid  by  a  fissile  calcareous  clay  or  rotten 
limestone.  These  beds  are  similar  to  what  I  saw  below  Lower  Peach 
Tree,  but  I  nowhere  saw  completely  silieified  shells. 

•  The  country  along  this  road  is  exceedingly  broken  and  covered  with 
magnificent  specimens  of  Pinus  pahuiris.  In  the  bottoms  of  the 
▼alleys,  between  the  ridges,  the  pine  disappears ;  the  woody  growth 
becomes  more  dense ;  the  Liquidarnbary  the  Fagus,  the  J^aek  Qum^ 
and  superb  Magnolias  are  found  near  the  streams,  while  Quereus  nigra^ 
^.  tinctarioy  and  Q.  fynUOy  are  noticed  a  little  more  remote  on  the  ac» 

»  Proc.  Acad.  Nat.  8ci.  Vol.  Vm.  p.  257. 
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divities.  The  evergreen  flora  is  exceedingly  rich.  i2ex,  Oeram 
Carolinxanoy  GeUenium  sempervirens,  and  Magnolia  granHfiofn^ 
flourish  in  the  greatest  lazuriance  and  beauty.  The  streams  geDeraUj 
flow  over  pebbly  beds,  and  the  springs  and  wells  furnish  sweet  and 
wholesome  water. 

Above  TumbuU  I  noticed  again  at  intervals,  similar  beds  of  calcare- 
ous clay  or  rotten  limestone  for  a  distance  of  eight  miles,  but  I  coaU 
find  nowhere  any  included  fossils.  I  saw  similar  beds  twenty  miles 
further  west,  above  Black's  Blufil  About  eight  miles  from  Tarnboll, 
I  came  upon  an  areno-argillaceous  limestone,  somewhat  hard,  and 
strewing  the  road  with  fragments.  I  saw  in  these  indistinct  casts  and 
impressions  of  shells.  Between  six  and  seven  miles  from  AUeDion, 
this  rock  comes  to  the  surface,  and  fragments  are  strewn  over  the 
road  for  a  considerable  distance,  making  it  exceedingly  rough.  A 
section  is  also  exposed  on  a  small  stream  near  Fox's  steam  saw-milL 
It  comes  to  the  surface  again  at  five  and  a  half  miles  from  Allenton. 
At  five  miles  I  saw  the  rock  again  in  its  former  soft  state,  containiiig 
more  clay  and  less  sand.  The  oak  along  here  becomes  more  abandaat 
as  the  pine  diminishes  in  numbers.  At  one  mile  from  Allenton,  traces 
of  the  same  rock  are  again  seen  near  the  surface  and  mingling  with 
the  ^*  Red  Loam."  At  half  a  mile  below  town,  several  sections  ^bxm 
this  rock  distinctly  in  a  laminar  and  scaly  state.  I  traced  these  beds 
to  town,  where  I  saw  fragments  of  the  same  mineral  composition  and 
firmly  cemented,  strewn  over  the  surface,  and  noticed  chimneys  builft 
of  the  same  hard  rock.  About  three  fourths  of  a  mile  above  Allen- 
ton, I  discovered  the  origin  of  these  hard  fragments.  Here  occurs,  on 
the  east  side  of  the  road  to  Carlowville,  a  semicircular  depressioD) 
surrounded  on  three  sides  by  a  range  of  hills,  making  a  circuit  of 
nearly  a  mile.  All  round  the  rim  of  this  basin,  and  near  the  summit 
of  the  hills,  is  seen  a  shelf  or  ledge  of  rock,  curiously  projecting  and 
conspicuous.  On  examination,  it  proved  to  be  exceedingly  bari 
Beneath  this  ledge  is  a  stratum  of  sofVer  rock,  composed  of  sand, 
lime,  and  clay,  with  scales  of  mica  conspicuously  shining.  On  examin- 
ing the  stratum  I  observed  faint  traces  of  shells  for  the  most  part  too 
obscure  to  be  certainly  identified,  but  I  could  easily  recognize  casts  of 
Turriiella  Mortoni,  Two  other  casts  were  doubtfully  referred  to  Car^ 
dium  and  OucuilacL  A  short  distance  further  on  I  discovered  a  most 
interesting  outcrop  of  this  sandy  stratum  consisting  here  of  loose 
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materials.  I  was  well  repaid  for  a  minute  search  in  these  sands  by 
the  discovery  of  a  group  of  fossils,  on  the  whole  quite  distinct  from 
any  elsewhere  observed.  Among  them,  however,  were  Turritelia  Mor- 
Umty  and  others  from  the  Claiborne  group.  The  decidedly  strange 
aspect  of  the  collection,  however,  renders  it  probable  that  this  sand 
represents  a  distinct  stage  in  the  Lower  Eocene.  The  unrecognised 
species  have  been  left  with  Professor  Tuomey. 

The  overlying  ledge  of  calcareous  grit  could  be  traced  to  a  point 
eight  and  a  half  miles  north  of  Allenton,  which  is  some  twenty-five 
miles  further  north  than  the  tertiary  beds  have  been  hitherto  recog- 
nized in  this  part  of  the  State.  From  this  point  the  landscape  had  a 
cretaceous  aspect,  but  the  vicinity  of  my  route  as  far  as  CarlowviUe 
was  deeply  covered  with  sand,  and  I  nowhere  saw  any  fossils. 

4.  Buf  Sand. 

-  The  strata  of  sand,  clay,  grit,  and  limestone,  described  above,  are 
grouped  together  by  Professor  Tuomey  under  the  designation  of 
Bohr-stone  formation.  But  I  believe  be  had  nowhere  to  the  west  of 
the  Alabama  River,  observed  the  fossiliferous  sand  bed  spoken  of  above, 
as  lying  at  the  very  base  of  the  tertiary  rocks,  and  embracing  shells 
and  Echinoderms,  which  as  a  group  are  so  distinct  from  the  Claiborne 
fossils.  It  is  this  bed  which,  for  the  sake  of  a  name,  I  designate  as 
Buff  Sand.  I  recognized  it  also  fifteen  miles  further  west  in  ascend- 
ing a  hill  four  miles  below  Camden.  It  is  here  cut  through  by  the 
highway,  and  is  seen  to  consist  of  buff  and  gray  sand,  showing  oblique 
lamination,  and  variously  intercalated  with  thin  laminae  of  blue  black 
day.  Higher  up  the  hill,  it  passes  into  a  bed  of  buff-colored  sand, 
full  of  fossils  in  a  friable  state,  —-tertiary  beyond  doubt,  but  too  imper- 
fect for  recognition.  Beyond  this  point,  and  seven  and  a  half  miles 
south  of  Camden,  the  same  soft  argillaceous  limestones  are  seen,  as 
overlie  the  buff  sand  between  Allenton  and  Tumbull. 

'  StiU  fiirther  on,  in  the  section  at  Black's  Bluff,  I  had  the  satisfac- 
tion to  see  both  these  beds  in  juxtaposition  above,  with  cretaceous 
limestone  at  the  base  of  the  bluff.  This  bluff  (No.  5)  consists  of 
red  loam  and  pebbles  at  the  top,  which  are  strown  down  the  sloping 
declivity.  Beneath  this  is  a  thick  bed  of  marly  clay,  soft  and  finely 
laminated,  presenting  precisely  the  characters  of  the  rock  seen  be- 
tween Tumbull  and  Allenton.     Next  below  is  a  thin  stratum  of  white 
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limestone.  Next,  a  thick  bed  of  buff-colored  sand,  so  obscared  by 
detritus  from  the  top  of  the  bluff,  that  I  was  unable  to  explore  iL 
Finally,  at  the  base  of  the  bluff,  is  a  bed  of  sandy  limestone,  containiDg 
abundance  of  a  species  of  oyster,  which  I  supposed  to  be  cretaceous.* 
The  relative  position  of  this  bed  of  buff  sand,  as  observed  at  Black's 
Bluff,  and  in  the  hill  below  Camden,  shows  it  to  be  a  prolongatioa  of 
the  sand  bed  seen  above  AUenton,  and  which  affords  a  group  of  de- 
cidedly distinct  tertiary  fossils.  For  the  reasons  above  given,  I  speak 
of  the  buff  sand  as  a  distinct  deposit,  older  than  the  buhr-stone  of 
Professor  Tuomey,  and  lying  absolutely  at  the  base  of  the  tcrtiaiy 
rocks  of  the  State. 

5.  Prairie  Bluff  Limestone. 
This  is  the  limestone  exposed  at  the  top  of  the  section  at  Praiiie 
Bluff  (No.  6).  I  have  not  been  able  to  identify  it  certainly  with  the 
sandy  limestone  at  the  base  of  Black's  Bluff.  This  limestone  at  Prai- 
rie Bluff  is  six  feet  thick,  and  white.  It  embraces  in  its  upper  part  a 
bed  of  dark-colored,  disintegrated  limestone,  four  feet  thick,  contam- 
ing  obscure  casts  K>f  fossils ;  the  lower  portion  abounds  in  them,  and 
the  base  is  almost  entirely  made  up  of  Exogyra  costata  and  Gryphea 
mtUabilis^  in  a  very  fine  state  of  preservation.  Besides  these,  the 
following  fossils  come  from  this  limestone,  namely :  Grypfuea  convoAi 
Pl{icuna  scabra,  TurriteUa  Martoni,  Valuta  SayanOj  Scaphites  Oof^ 
radi,  Nautilus  Dekayi,  three  species  of  Ilamites,  Pecten  d-costatuSt 
Trochus  leprosus,  Plagiostonia  gregale^  Ostrea  plumosa  EcMnoderm- 
aidj  and  teeth  of  placoid  fishes.  This  limestone  is  well  exposed,  in  a 
ravine  a  few  rods  west  of  the  bluff,  as  well  as  at  Shell  Creek,  one  mile 
west.  It  is  also  seen  in  a  section  made  by  a  stream  two  and  a  half 
miles  north.  It  is  exposed  by  the  road  side  above  Carlowville,  near 
the  ford  over  Cedar  creek.  I  have  not  seen  tertiary  beds  in  imme- 
diate superposition  above  this,  but  I  presume  the  Prairie  Bluff  lime- 
stone is  the  equivalent  of  the  Black's  Bluff  limestone,  and  is  the 
uppermost  member  of  the  cretaceous  series  of  Alabama. 

6.    White  sand. 
This  deposit  immediately  underlies  the  limestone  at  Prairie  Bluff 

*^  Professor  Taomey  has  sinoe  infbnned  m.e  that  he  regards  this  as  a  tertiary  species' 
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It  consists  of  a  bed  of  loose,  light-colored  sand,  about  forty-five  feet 
thick,  intersected  irregularly  by  bands  of  cemented  sand.  Its  most 
abundant  fossils  are,  Ostrea  larva,  (falcata,  Morton,)  Pecten  h-co8iatu9, 
Gryphma  vomer.  This  bed  also  is  well  exposed  at  Shell  Creek,  and 
at  the  stream  two  and  a  half  miles  above  the  bluff.  It  is  seen  near 
the  surface  at  Bocky  Bluff,  one  mile  above,  and  abounds  in  the  same 
fossils  as  before  mentioned,  though  the  Fectens  are  better  preserved 
here  than  I  have  seen  them  elsewhere. 

A  bed  of  white  sand  intersected  in  a  similar  manner  by  concreted 
bands  is  seen  at  the  surface,  some  thirty  miles  farther  east,  in  the 
neighborhood  of  Pleasant  Hill.  Major  Vassar  showed  me  whetstones 
of  good  quality,  which  he  had  manufactured  from  these  belts  of  sand- 
stone. I  have  seen  no  fossils  certainly  referable  to  the  sand  in  this 
vicinity,  but  Major  Vassar  described  a  fossil  which  I  recognized  as 
Spherulttes,  which  is  so  abundant  in  the  neighborhood,  that  wagcm 
loads  of  these,  and  oyster  shells,  are  often  hauled  together  and  burned 
for  lime.  I  have  myself  jseen  magnificent  specimens  of  Spherulitei 
coUeeted  a  few  miles  farther  south ;  and  at  Prairie  Bluff  I  obtained 
valves  of  Exog^a  costata,  five  inches  in  diameter,  and  of  GrypJuea 
muiahilis,  seven  inches  across. 

7.  Rotten  lAmestone. 

I  consider  the  rock  at  the  base  of  Prairie  Bluff,  as  the  uppermost 
portion  of  this  stratum,  though,  from  its  being  at  present  covered  with 
detritus  from  above,  and  overgrown  with  grass,  it  is  difficult  to  explore 
it  at  this  place.  Being  much  more  coherent  than  the  superincumbent 
strata,  the  latter  have  been  denuded  during  periods  of  high  water, 
while  the  silicious  stratum  at  base  is  left  in  the  shape  of  a  sloping 
platform.  A  few  miles  above  Pleasant  Hill,  on  the  Selma  road,  it  is 
beautifully  exposed  in  ravines ;  and  I  collected  here  the  largest  and 
best  preserved  specimens  of  Ostrea  plumosa  that  I  have  seen.  This 
limestone,  with  its  characteristic  fossils,  is  finely  exposed  in  the  cuts 
made  by  the  Chilatchee  and  Bogue  Chitto  Creeks  above  Prairie  Bluff. 
It  is  also  seen  at  the  high  bluff  at  Centerport,  on  the  Alabama  River, 
where  it  contains  OucitUaa.  The  inclined  plane  at  White's  Bluff  is 
cut  through  this  limestone ;  it  constitutes  the  bluffs  at  Cahaba  and  at 
Selma;  and  generally,  the  streams  in  all  this  region  have  formed 
deep,  perpendicular  cuts  through  this  limestone.     It  forms  the  basis  of 
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the  prairie  region  of  this  part  of  the  State ;  and  its  charaeteristie  fos- 
sils were  first  brought  to  light  by  Conrad,*  who  examined  it  in  the 
bluff  at  Erie,  and  other  localities  in  Greene  county.  Being  well 
known,  I  hay^  nothing  to  add  to  the  citation  of  the  above  localities. 

8.  Concrete  Sand. 
This  stratum  is  well  exposed  at  Choctaw  Bluff,  (No.  7,)  on  the 
Black  Warrior  river,  six  miles  below  Eutaw,  in  Greene  county.  I 
have  described  this  bluff  in  the  Proceedings  of  the  Cleveland  meeting 
of  this  Association.  This  stratum  consists  of  sand  cemented  by  car- 
bonate of  lime.  It  nowhere  exceeds  two  or  three  feet  in  thicknesB, 
but  in  consequence  of  its  uniform  occurrence  everywhere  beneath  the 
rotten  limestone,  I  describe  it  as  a  separate  stratum.  At  Choctaw 
Bluff,  and  in  many  other  localities,  it  is  little  else  than  a  compact  maas 
of  Ostreidae  and  fish  teeth.  The  section  at  Fortune's  Ferry,  on  the 
Cahaba  river,  may  be  mentioned  as  very  similar  to  that  at  Choetav 
Bluff,  though  sixty  miles  distant  Half  a  mile  east  of  the  village  of 
Hamburgh,  Ferry  county,  is  also  a  locality  where  this  stratum  crops 
out,  and  is  an  excellent  place  for  the  collection  of  shark's  teeth. 

9.  Loose  Sand. 
This  is  a  bed  of  yellowish  gray  sand,  fifteen  feet  thick,  at  Choetaw 
Bluff,  and  much  thicker  at  Finches'  Ferry,  a  few  miles  above,  where  it 
occupies  the  upper  portion  of  the  section.  It  is  not  rich  in  fossils,  but 
at  Choctaw  Bluff  it  abounds  in  fossil  drift  wood  often  completely  rid- 
dled by  the  fossil  Teredo  tihiaUs*  Professor  Tuomey  f  states,  that  tt 
Finches  Ferry  he  has  found  Ammonites  Delawarensts  in  this  stratma. 

10.  Sand  and  Clay, 
The  bed  of  loose  sand  at  Choctaw  Bluff  and  elsewhere,  is  nnde^ 
laid  by  a  few  inches  of  green  sand  of  variable  thickness.  In  the  rf 
vines  at  Mesopotamia,  in  Greene  county,  this  green  sand  is  advan- 
tageously studied.  I  have  found  here,  between  included  laminie  of 
dark  shale,  the  remains  of  vegetables  appearing  like  the  stems  and 


*  Morton's  Synop.  Oigan.  Rem.  Cret  Group  U.  S.  p.  21,  etc 
t  Report  on  the  Geology  of  Alabama,  p.  118. 
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leaves  of  dicotyledonous  plants.  Still  lower  in  the  series  we  find 
strata  and  thin  laminsB  of  dark  pyritiferous  shale,  alternating  with 
very  thin  seams  of  green,  gray,  and  ferruginous  sand.  These  alter- 
nations are  well  seen  at  the  base  of  the  bluff  at  Finches'  Ferry, 
(No.  8,)  and  throughout  the  whole  extent  of  the  bluff  at  Merri- 
weather^s  Landing,  a  few  miles  higher  up  the  river.  The  obscure 
remains  of  vegetables  occur  everywhere  in  the  scanty  seams  of  sand 
throughout  this  series.  The  same  strata  are  frequently  exposed  in 
the  cuttings  for  the  highway  between  Eutaw  and  Tuscaloosa. 

At  about  eight  miles  above  Eutaw,  the  shale  becomes  softer,  the 
lamination  disappears,  and  we  have  beds  of  light  clay  mottled  curi- 
ously with  blue,  red,  and  yellow,  reminding  one  forcibly  of  the  Eeuper 
of  the  Germans.  More  than  this,  we  find  along  the  road  sides  and  the 
margins  of  ravines  in  the  upper  part  of  Greene  county,  large  masses 
of  red  and  poikilitic  sandstone,  exceedingly  compact,  and  used  for 
underpinning  buildings.  Add  to  this  that  very  many  of  the  Artesian 
wells  in  Greene  county,  which  penetrate  these  beds,  furnish  a  constant 
fiow  of  salt  water,  showing  the  occurrence  of  local  deposits  of  salt ; 
while  the  deepest  borings  have  brought  up  abundance  of  quartzose 
pebbles,  and  we  have  four  well-established  facts  compatible  with  the 
supposition  of  the  triassic  age  of  these  beds,  without  mentioning  the 
occurrence  of  vegetable  remains,  some  specimens  of  which  appeared 
to  me  indistinctly  allied  to  stems  of  JEquisetites, 

These  beds  continue  without  much  change  to  the  very  suburbs  of 
Tuscaloosa ;  and  a  very  good  section  is  seen  at  Foster's  Ferry,  within 
a  few  miles  of  town. 

The  almost  total  absence  of  organic  remains  from  these  shaly  and 
poikilitic  deposits,  renders  the  determination  of  their  age  extremely 
uncertain. 

I  desire  in  closing,  to  record  my  great  obligations  to  Professor 
Tuomey,  for  the  kindness  which  he  has  at  all  times  shown  me,  and 
for  the  facilities  which  he  has  afforded  me  for  the  study  of  the  geology 
of  Alabama ;  and  to  express  the  hope  that  the  legislature  of  that 
State  will  place  it  in  his  power  to  complete  satisfactorily  the  survey 
which  he  has  in  charge,  and  to  work  out  the  results  in  as  scientific  and 
beautiful  a  manner  as  he  is  now  doing,  in  conjunction  with  Professor 
Holmes,  for  the  survey  of  South  Carolina. 
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8.  Statistics  of  some  Artesian  Wells  of  Alabama.    Bj  Pro- 
fessor A.  WiNCHELL,  of  Ann  Arbor,  Michigan. 

I.  The  alternating  beds  of  sand  and  shale  which  underlie  the  wd! 
known  ^'  rotten  limestone  "  of  the  cretaceoas  series  of  Alabama,  con- 
prise  the  water-bearing  strata  of  the  region  of  the  Artesian  wells  of 
this  State.  The  general  surface  of  the  state  gently  rises  along  a  line 
at  right  angles  with  the  strike  of  the  cretaceous  rocks,  so  that  the 
lower  members  of  the  series  outcrop  at  successively  higher  levels.  In 
the  borings  for  Artesian  wells,  water  is  always  obtained  when  water- 
bearing strata  are  pierced,  whose  outcrop  is  at  a  higher  level  than  the 
point  of  boring.  In  individual  cases,  however,  the  water  has  failed  to 
rise  to  the  surface  in  consequence  of  the  local  elevation  of  the  site  of 
the  well.  In  such  cases,  other  borings  in  the  immediate  neighborhood, 
being  situated  at  a  lower  level,  have  been  successfuL 

The  migority  of  these  wells  are  situated  within  a  few  miles  of  the 
line  of  junction  of  the  ^  rotten  limestone,"  and  the  subjacent  strata. 
On  the  limestone  side  of  this  line,  the  depth  of  the  borings  increases 
with  the  distance  of  the  well  from  the  line,  —  varying  in  this  maimer 
from  one  hundred  to  nine  hundred  feet  and  upwai*ds.  On  the  opposite 
or  northerly  side  of  the  same  line,  the  depth  of  the  boring  varies  from 
two  hundred  to  one  thousand  feet,  in  a  manner  which  seems  to  depend 
on  the  local  elevation  of  the  place  of  excavation. 

It  would  be  interesting,  and  perhaps  instructive,  to  enter  into  a 
description  of  the  implements  and  machinery  employed  in  the  boring 
of  these  wells,  but  space  does  not  permit 

The  geographical  and  geological  positions  of  a  number  of  wells  are 
given  in  a  tabular  form  below.  In  the  separate  columns  are  found  the 
depths  of  the  respective  wells,  the  quantity  of  water  discharged,  and 
its  temperature  at  the  surface.  At  the  end  of  the  table  are  found 
some  additional  statistics  relating  to  some  of  the  wells. 

An  examination  of  the  Section  on  page  83  may  help  to  convey  an 
idea  of  the  geological  positions  of  some  of  the  principal  wells  enumerated. 
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n.  Table  of  ARTSstAN  Wells  in  Middle  Alabaka. 


470 
380 
834 
280 
330 
409 
360 
340 
350 
360 

275 
560 
560 
728 
90 
2581 
285 
360 
415 
420 
468 
522 
560 
544 


180 


420 


294 
294 
330 
352 


200 

555 
400 
456 
440 
550 
495 
216 
394 
150 


100 

40 

12 

25 

230 

3001 

100 

300 

800 

20 

250 

250 

1200 


3 

20 

100 

100 


72 
68 
67 
67 

67f 
67 


77J 
64 


65 

68 

66 

66^ 

70 

71 

70 

72 

70j 
691 


69} 
67j 

75 

73} 

72} 


LooftUon. 


71 
72} 
72} 
67 


Junction  of  Main  and  Water  Bts.  Selma.    Limeftone. 
Main  Bt.  N.  of  No.  1. 

"     N.  of  No.  2. 
Residence  of  Abner  Jonei,  Esq.,  Selma. 

"         "  J.  Lmley,  Eflq., 
Fonndiy,  Selma ;  uightly  chalybeate. 
Machine  shop,  Selma. 
Hall's, 

Rossell  &  Berry's  brickyard,  E.  of  Selma;  chalybeate.  L. 
Harrison's  "  "  Limestone. 

Blevins  and  Edwards,  Selma.  " 

Plantation  of  E.  P.  Watts,  Esq.,  near  Selma.     " 
)      "        of  Freeman  King,  Esq.,  5  m.  below  Cahaba,  on 
f     the  E.  bank  of  Alabama  River.    L. 
The"Gre»tWeir'atCahaba.    L. 
Finches'  Fenj,  Greene  Co.,  above  maigin  of  Limestone. 
Johnston's  mill,  Finches'  Feny. 
Dr.  Wither's  mill,  Greene  Co.    L. 

Boligee, 

Dr.  Wither's  mill.    L. 
tt        ft       ft 

Canefield,  Bolisee,  Greene  Co.    L. 

Capt.  Johnston's,  Fmches'  Ferry. 

Dr.  Perrin's,  Barton's  Hill,  Greene  Co.    L. 

Dr.  Clement's,  road  side,  4}  m.  S.  of  Entaw.    L. 

Norwood  &Cole,  14  m.  8.  W.  of  Entaw.  Highly  saline.  L. 

Col.  Pickens,  Warrior  river,  4  m.  S.  "  "  " 

Col.  Johnston's  horselot,  Finches'  Ferry,  Greene  Co.,  above 

Limestone. 
J.  W.  Hall's  plantation,  12  m.  S.  of  Eutaw.    Limestone 

here  about  350  ft.  thick,  12  m.  from  its  margin. 

Mr.  L.  Duffin's,  Newbem,  Greene  Co.  Highly  saline.  L. 

Livingston's,  Hamburg,  Perry  Co.  }  m.  a^ve  edge  of  L. 

Howell's 

Weaver's  miU,      " 

«  «  «  tt 

Public  well  at  Eutaw,  Greene  Co.,  }  m.  above  L.    See 

Remarks. 
Dr.  Clement's  2d  weU  below  Eutaw.  Saline.    L. 
Cleaveland's,  Springfield,  N.  of  L.    Water  waa  readied 

at  190  feet. 
Court  House  well  at  Cahaba.    L. 
BeU's  (Hotel)  weU 

S.  L.  Creswell's,  10  S.  W.  of  Eutaw,  near  his  house.    L. 
Well  in  the  field  at  Creswell's  plantation.    L. 
Half  mile  N.  of  No.  41,  Creswell's.    L. 
Williamson  Glover's,  Greene  Co.    L. 
Dr.  Childer's,  5  miles  W.  of  Sehna.    L. 
Mr.  Strait's,  }  m.  W.  of  Clinton,  above  L. 
Dr.  Cochran's,  Sipeey  river;  above  L. 
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No. 

B^U.. 

G»l.w. 
permin. 

Temp. 
Pah. 

Lowtioii. 

48 

120 

Mr.  Craft's;  above.    L. 

49 

281 

Mrs.  Baiiy's;         " 

50 

415 

Mr.  Raspberrj's  Ist  well ;  above  lamestone. 

51 

260 

Mr.  Campbeirs, 
Dr.  Brackett's, 

52 

310 

53 

240 

Maj.  Whitsett's,                          " 

54 

276 

Dr.  Rogers'  near  the  house  on  his  plantation  W.  of  Clin- 
ton,   lb. 

55 

400 

Dr.  Roars'  plantation,  Clinton,  Greene  Co.    lb. 
Mr.  Smith's ;  above  the  Limestone. 

56 

300 

57 

404 

Dr.  Button's;    "       « 

58 

280 

John  Thompson's  Ist  well. 
"            "   .        2d     " 

59 

300 

60 

360 

At  the  church  in  Clinton,  Greene  Co. ;  above  L. 

61 

348 

Maj.  Barry's             "                  " 
Dr.  Wille'^s,              "                  " 

62 

340 

63 

336 

PubUcWell,             "                  " 

64 

300 

Mr.  Brown's, 

65 

350 

Mr.  Copp's,               «                  "                   « 
Mr.  Walker's, 

66 

310 

67 

280 

Mr.  Sears',                " 

68 

180 

PubUc  well  at  BridgDville,  Pickens  Co.,  above  L. 

Warsaw,  Sumpter  Co.    L. 

Mr.  Taylor's,  below  Warsaw.    L. 

Peter  Ware's,  7  m.  W.  of  Warsaw.  L.   Ist  well. 

69 

415 

70 

300 

71 

380 

72 

360 

«       2d  well. 

73 

400 

Maj.  Whitsett's,  W.  side  of  Bigby.    L. 

74 

600 

D.  White's,  CooksviUe,  Noxubee  Co.  Mlas.    L. 

III.   Remarks. 

No8.  1  to  11.  These  wells  are  in  and  about  the  city  of  Selma,  within 
a  distance  of  two  miles  from  the  foot  of  Main  (Broad)  street.  The  tem- 
perature of  common  well  water,  taken  at  the  same  time  with  the  tem- 
peratures of  these  wells,  was  sixty-four  degrees.  The  authority  for 
the  depths  and  quantities  of  water  discharged  from  these  wells,  is  Mr. 
Crow,  who  has  executed  the  boring  of  all  the  Selma  wells,  except  the 
one  at  the  foundry,  which  was  bored  under  the  superintendenoe  of  Mr. 
Campbell.v 

The  following  is  Mr.  Crow's  statement  of  the  borings  of  well 
No.  1:  — 
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(1)  Clay,  sand,  and  gravel 27  ft. 

(2)  Bine  rotten  limestone 53  " 

(3)  Sandstone 6  " 

(4)  Gray  sand  with  water 6  " 

(5)  Blaeclay 18  " 

(6)  Bine  sticky  sand 24  " 

(7)  Blue  clay    . 17  *' 

(8)  Green  sand 4  <' 

(9)  Gray  sand  with  water 42  "    5  inches. 

(10)  Green  sandstone II      « 

(11)  Blaeclay 3  " 

(12)  Gray  sand  with  water 54  "    3      " 

(13)  Sandstone 7      " 

(14)  Blue,  grayish  sand,  with  water  frequent;  heds  of  blue  clay 

5  to  10  feet  thick 213   "  10      " 

Total  depth 470  " 

Size  of  the  bore,  6  inches ;  tubed  400  feet. 

It  may  be  interesting  to  know  that  the  wells,  Nos.  2  and  3,  were 
first  bored,  and  that  the  boring  of  No.  1  materially  diminished  the 
flow  of  water  from  the  former  two.  These  three  wells  are  within  the 
distance  of  one  third  of  a  mile. 

Mr.  Campbell,  who  bored  the  foundery  well,  No.  6,  and  is  said  to 
keep  a  register  of  all  his  borings,  has  furnished  for  No.  6  the  follow- 
ing results :  — 

(1)  "  Red  loam,  clay,  sand,  ^nd  pebbles 372  inches. 

(2)  Rotten  limestone 420  " 

(3)  Soft  sand  rock  ["Loose  sand"] 48  " 

(4)  Concrete  of  sand  and  shells.     ["  Concrete  sand "]          .        .  6  '' 

(5)  Green  sand 24  " 

(6)  Gray  sand  and  water 72  " 

(7)  Hard  sand  rock 3  " 

(8)  Sand  and  sheUs 132  " 

(9)  2d  hard  rock .  9  " 

(10)  Green  sand 12  " 

(11)  Rotten  limestone.     [See  below] 48  '< 

(12)  Blue  sand,  fine  and  firm 288  " 

(13)  Green  sand  and  water — 

(14)  Rotten  limestone.     [See  below] 180  " 

(15)  Green  sand  and  water 84  " 

(16)  Sticky  blue  sand  and  day 144  " 

(17)  Green  sand 36  " 

(9) 
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(18 
(19 

(SO 
(21 
(S3 
(3S 
(84 
(S5 
(86 

(27 
(28 
(89 
(30 
(81 
(38 
(33 
(34 
(35 
(36 
(37 
(38; 
(39; 
(40: 
(41 
(42 
(48 
(44 
(45 
(46 
(47 


Graj  sand  and  water 204  iDcto. 

Green  sand 48  " 

Brown  sand  and  water 60  " 

Sand  rock 6  " 

Gray  sand 18  " 

Sand  rock 86  « 

Gray  sand  and  water 48  " 

Green  sand 24  '< 

Laminated  clay 12  ** 

Gray  sand — 

Green  sand  and  water 168  " 

Rotten  limestone,  [see  below] 12  ** 

Gray  sand — 

Green  sand 168  " 

Rotten  limestone,  [see  below] 24  ** 

Gray  sand 280  " 

Green  sand 120  " 

Rotten  limestone,  [see  below] 108  " 

Spanish-brown  colored  sand 72  " 

Bine  clay  and  sand 420  " 

Gray  sand                  —  ** 

Brown  sand 72  " 

Green  sand  and  water 36  " 

Gray  sand  and  water 204  ** 

Blue  sticky  clay  and  sand 96  '' 

Sand  rock 25  " 

Spanish  brown  sand 96  *' 

Blue  sticky  clay  and  sand 72  " 

Green  sand  and  water 168  " 

Gray  sand  and  water — 

Total  depth 409  ft 


The  strata  designated  as  «  rotten  limestone,''  in  (11),  (U),  (29),  {S2), 
and  (35),  above,  are  undoubtedly  strata  of  light  colored  and  perhaps 
>  calcareous  clay. 

The  Alabama  River  rises  at  Selma  in  time  of  flood,  65  to  70  feet 
The  city  stands  10  feet  above  high- water.  The  average  expense  of 
boring  the  Selma  wells  to  the  depth  of  350  feet  is  not  far  firom  950 
dollars.  There  are  now  (1853)  in  Selma  and  Cahaba,  and  the  inte^ 
vening  country,  some  25  or  30  Artesian  wells. 

No.  12.  This  is  one  of  the  few  wells  on  the  east  (left)  side  of  the 
Alabama  River.  It  is  nearly  opposite  Cahaba,  and  was  bored  \fj 
Messrs.  Crow  and  Read. 
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No.  15.  Mr.  Campbell,  who  bored  this  well,  has  furnished  the  fol- 
lowing register  of  borings :  — 

(1)  Loam,  red  clay,  sand,  and  pebbles 394  inches, 

(2)  1st.  Botten  limestone 8970  " 

(3)  1  St.  Sandstone  (a  concrete  of  sand  and  shells)      .      *.        .  6  " 

(4)  Gray  sand  with  water 86  " 

(5)  2d.  Sandstone 15  " 

(6)  Gray  sand 29  " 

(7)  Sticky  sand  and  clay 117  " 

(8)  Sand  and  rotten  limestone  (?)  [Clay] 93  " 

(9)  Sticky  sand  and  clay 237  " 

(10)  Green  sand 18  " 

(11)  Gray  sand  with  water 1558  " 

(12)  Sd.  Sandstone 11  " 

(13)  Gray  sand  with  water  and  streaks  of  rotten  limestone  (?)      .  612  " 

(14)  Bluish  gray  sand  with  two  streaks  of  reddish  sand    .        .  384  " 

(15)  Bluish  gray  sand  and  laminated  clay 330  *' 

(16)  Dark  gray  sand  with  water 312  " 

(17)  Bluish  gray  sand  and  clay  with  water 716  " 

Total  depth  of  well  727  ft.  1 1  in. 

and  throws  out  1,200  gallons  of  water  per  minute. 

This  is  truly  an  astonishing  well,  but  I  am  sceptical  in  regard  to  the 
alleged  quantity  of  water  discharged.  Supposing  the  orifice  to  be  12 
inches  in  diameter,  which  I  believe  exceeds  the  truth,  a  discharge  of 
1,200  gallons  per  minute  would  require  a  velocity  of  204  feet  per 
minute,  and  this  velocity  by  the  laws  of  hydraulics  necessitates  an 
ascent  of  nearly  22  inches ;  whereas  the  stream  does  not  rise  12 
inches  above  the  mouth  of  the  pipe.  As  the  well,  however,  is  now  in 
a  greatly  exposed  condition,  it  is  not  improbable  that  the  bore  has  been 
somewhat  choked  by  the  mischievousness  of  boys,  whoih  I  have  seen 
throwing  brickbats  down  for  amusement  The  well  was  originally 
bored  for  the  purpose  of  supplying  a  steam  factory,  but  is  now  entirely 
unemployed. 

Nos.  18  to  25.  The  facts  relative  to  these  eight  wells  are  copied 
from  Tuomey's  Geological  Report.  The  two  at  Finches'  Ferry,  16 
and  17,  are  beyond  the  edge  of  the  limestone.  "  The  water  is  gen- 
erally highly  charged  with  salts  of  lime,  magnesia,  soda,  and  iron,  and 
in  some  instances  it  is  impregnated  with  sulphur."   (Tuomey's  Report) 
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So  far  as  my  observation  extends,  all  the  wells  in  Newbem,  Grerae 
coantj,  are  strongly  charged  with  sulphuretted  hydrogen.  The  water 
from  Colonel  Pickens'  and  Dr.  Clement's  wells  (Nos.  26  and  28),  and 
others,  are  very  highly  saline. 

No.  26.  A  chemical  examination  of  the  water  of  this  well  showed 
it  to  contain  large  quantities  of  chloride  of  sodium  with  small  addi- 
tional quantities  of  salts  of  lime,  magnesia,  and  iron.  The  consider- 
able quantity  of  free  carbonic  acid  present  gives  the  water  an  unasuallj 
lively  taste,  and  it  begins  to  enjoy  some  little  repute  as  a  medicinal 
water.  Indeed,  it  is  difficult  to  distinguish  it  by  the  taste  from  the  cel- 
ebrated "  Congress  water." 

Nos.  32  to  35.  These  wells  are  situated  a  few  rods  above  the  oat- 
crop  of  the  rotten  limestone. 

No.  36.  This  well  has  been  more  than  two  years  in  progress  [writ- 
ten in  1853],  and  though  a  depth  of  over  700  feet  has  been  reached, 
no  water  has  as  yet  risen  to  the  sur&ce.  The  situation  is  jnst  beyond 
the  margin  of  the  ''rotten  limestone."  At  less  than  100  feet  water  was 
reached  which  came  within  a  few  feet  of  the  top.  Undoubtedly  the 
failure  of  this  well  is  owing  to  the  slight  elevation  of  Eutaw  above  the 
surrounding  country ;  for,  at  Judge  Evans's,  less  than  half  a  mile  further 
south,  and  just  over  the  edge  of  the  limestone,  is  a  successful  well 
though  not  copious  ;  while  at  Finches'  Ferry,  four  miles  distant,  are 
several  copious  wells,  occupying  about  the  same  geological  position  as 
the  one  at  Eutaw,  though  situated  at  a  considerably  lower  level. 

The  following  statement  of  the  borings  of  this  well  has  been 
furnished  by  John  W.  Elliott,  Esq.,  the  superintendent  of  the  work:— 

(1)  Soil  and  red  clay 15  feet 

(2)  Sand  and  soft  light  colored,  mottled  clay — last  foot  laminated      .  45  " 

(3)  White  sand  and  water S  " 

(4)  Bine  shale  and  yellowish  claj  alternating  in  thin  layers           .        .  SOO  " 

(5)  Yellowish  clay  inclining  to  red 130  ** 

(6)  Red,  caving  soil  cmmbling  like  rotten  brick 100  " 

(7)  Sand  (and  water)  brown,  white,  and  greenish      .        .                 .  SO  " 

(8)  Red  and  yellowish  clay 100  " 

(9)  Dark  brown  sand 50  ** 

(10)  Coarse  reddish  sand  with  gravel  and  scales  of  mica         .        .        .     80   '' 

(11)  Reddish  "soapstone"  — like  bed  of  clay —   " 

Total,  August,  1 853,  743  feet 
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No.  41.  Diluvial  materials  here,  11  feet  thick;  limestone,  200  feet 
thick. 

No.  55.  At  140  feet  from  the  surface  a  hard  sand-rock  was  struck 
which  continued  3  or  4  feet. 

Nos.  46  to  74.  These  wells  are  mostly  situated  a  short  distance 
beyond  the  junction  of  the  rotten  limestone  and  subjacent  strata. 
Their  depths  are  given  on  the  authority  of  Mr.  James  Strait,  well- 
borer  of  Clinton,  Greene  county.  The  strata  penetrated  are  perfectly 
similar  to  those  whose  statistics  have  already  been  given.  Generally, 
in  the  valley  of  the  Sipsey  river,  the  wells  are  from  150  to  200  feet 
deep.  At  Vienna,  at  the  mouth  of  the  Sipsey,  they  vary  from  350  to 
400  feet 

IV.   Increase  of  Temperature. 

The  Artesian  wells  of  Alabama  are  not  particularly  adapted  to 
furnishing  exact  indications  of  the  rate  of  increase  of  temperature. 
As  the  water  generally  enters  the  well  at  several  different  points,  the 
temperature  of  the  mixture  taken  at  the  top,  will  always  be  more  or 
less  below  that  of  the  deepest  water  reached.  The  temperatures 
observed,  therefore,  in  the  different  wells  may  vary  considerably  below 
the  true  temperature  of  the  deepest  seated  water,  but  cannot  vary 
ahove  it  Those  observations,  therefore,  which  indicate  the  most  rapid 
increase  of  temperature  are  most  likely  to  serve  as  reliable  data. 

The  mean  annual  temperature  of  that  part  of  Alabama  over  which 
these  wells  are  distributed,  is  not  far  from  64^  Fahr.,  and  this  is  the 
temperature  of  ordinary  well-water  at  Selma.  The  point  of  constant 
temperature  within  the  earth's  crust  has  been  fixed  by  different  au- 
thorities at  50,  60,  70,  and  80  feet  beneath  the  surface.  As  the 
annual  extremes  of  Alabama  are  considerable,  the  point  of  constant 
temperature  may  perhaps  with  propriety  be  placed  at  80  or  90  feet. 
Calculating  the  results  from  these  data,  I  have  formed  the  following, 
table :  — 

(9») 
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CONST.  TEMP.  90  FT. 

GON8T.T8ICP.AT80FT. 

No.  of 

Depth 

T*mp. 

Temp. 

WeU. 

fret. 

Fahr. 

•bore  64». 

Depth  be- 

Feet  for 

F^ette 

low  90  ft. 

Ideg. 

low  80  ft. 

ld<s. 

I 

470 

72 

8 

380 

47.5 

390 

1 
4«.7 

2 

380 

68 

4 

290 

72.5 

3 

334 

67 

3 

240 

80.0 

4 

280 

67 

3 

190 

63.3 

€ 

409 

67f 

3.75 

319 

85.0 

7 

360 

67 

3 

270 

90.0 

9 

350 

67 

3 

260 

86.7 

10 

360 

6& 

2.5 

270 

108.0 

15 

728 

77 

13.5 

638 

47.2 

648 

4S.0 

17 

258 

68 

4.25 

168 

39.5 

178 

41.9 

18 

285 

64 

r 

0.5 

196 

390.0 

19 

360 

65 

1 

270 

270.0 

20 

415 

68 

4 

325 

81.2 

21 

420 

66 

2 

330 

160.0 

22 

468 

66i 

2.5 

378 

151.2 

23 

522 

70 

6 

432 

72.0 

24 

560 

71 

7 

470 

67.1 

25 

544 

72 

8 

454 

56.7 

464 

58.0 

29 

180 

69? 

5 

90 

18.0 

32 

294 

;8 

4.75 

204 

42.9 

214 

45.0 

33 

294 

4.75 

204 

42.9 

214 

45.0 

34 

330 

69* 

5.00 

240 

48.0 

250 

50.0 

35 

352 

69 

5 

262 

52.4 

272 

54.4 

38 

200 

67J 

3.5 

110 

31.4 

120 

34.3 

39 

555 

75* 

11 

465 

42.3 

475 

43.2 

40 

400 

72! 

9.75 

310 

31.8 

320 

32.8 

41 

456 

8.5 

366 

43.0 

376 

44.2 

42 

440 

71 

7 

350 

50.0 

360 

51.4 

43 

550 

72i 
72J 

8.5 

460 

54.1 

470 

55.3 

44 

495 

8.5 

405 

47.6 

415 

4S.3 

45 

216 

67 

3 

126 

42.0 

136 

44.0 

Mean,  46.5. 

In  the  fourth  column  of  the  preceding  table  I  have  given  the  excess 
of  the  observed  temperature  of  the  water  above  64°.  In  the  fifUi 
column  are  the  depths  of  the  wells  below  the  point  of  constant  tem- 
perature, assuming  this  at  90  feet  below  the  surface  ;  and  in  the  sixth 
column  is  the  number  of  feet  in  depth  corresponding  to  one  degree  of 
increased  temperature. 

Since  the  higher  numbers  in  the  sixth  column  are,  for  reasons 
already  stated,  most  likely  to  be  erroneous,  I  have  entirely  rejected 
those  results  which  exceed  100  feet  and  also  the  29th  observation. 
The  general  mean  of  the  residue  is  an  increase  of  temperature  of 
one  degree  for  every  56.7  feet  If  we  still  further  reject  all  numbers 
in  the  sixth  column  which  exceed  60  feet,  the  result  obtained  is  one 
•  degree  for  every  44  96  feet. 
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If  we  suppose  the  point  of  constant  temperature  to  be  situated  at 
80  feet  instead  of  90  feet  beneath  the  surface,  and  employ  the  same 
set  of  observations  as  last-mentioned  above,  the  rate  of  increase 
deduced  therefrom  is  one  degree  for  every  46.5,  feet  as  shown  in  the 
seventh  and  eighth  columns  of  the  table. 


9.  On  the  Agency  op  the  Gulf-Stream  in  the  Formation  op 
THE  Peninsula  op  Florida.  By  Joseph  Le  Conte,  of 
Athens,  Georgia. 

In  the  winter  of  1851,  and  during  the  months  of  January  and  Feb- 
ruary, I  enjoyed  the  rare  opportunity  of  visiting  and  examining  the 
keys  and  reefs  of  Florida,  in  company  with  Professor  Agassiz.  I 
then  and  there  became  deeply  interested  in  a  subject  which  has  con- 
tinued to  occupy  my  thoughts  from  time  to  time  until  now ;  namely,  the 
mode  of  formation  of  the  Peninsula  of  Florida. 

Until  the  time  referred  to,  nothing  definite  was  known  of  the  geology 
of  Florida,  but  it  was  supposed  to  consist  of  a  southward  prolongation 
of  the  eocene  of  Greorgia  and  Alabama,  and  its  shell-limestone  to  bear 
some  general  resemblance  to  the  whitv  limestone  of  these  States. 
But  the  observations  of  Professor  Tuomey,*  during  the  summer  of 
1850  and  the  more  full  and  careful  observations  of  Professor  Agas8iz,t 
during  the  following  winter,  brought  to  light  the  remarkable  fact  that 
the  keys,  and  the  larger  portion  of  the  peninsula  of  Florida  are  of  re- 
cent origin,  and  as  far  as  could  be  examined,  the  work  of  corals  —  still 
living  in  the  vicinity,  and  still  engaged  in  the  work  of  extension  —  that 
they  are  in  fact,  superficially,  at  least,  the  result  of  the  growth  of  suc- 
cessive coral  reefs  concentrically  arranged,  one  outside  of  the  other, 
from  north  to  south.  My  object  in  the  present  paper  will  be  to  show 
that  coral  agency  alone  is  not  sufficient  to  account  for  the  phenomena, 
but  that  there  has  been  another  and  still  more  powerful  agent  at  work 
preparing  the  ground  and  laying  the  foundation  for  these  builders ; 
and  that  this  agent  has  been  the  Gulf- Stream.    A  clear  understanding 

*  Silliman's  Journal,  2d  Series,  Vol.  II.  p.  393. 
t  Report  of  Coast  Survey  for  1851,  p.  145. 
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of  the  subject  renders  necessary  a  succinct  account  of  the  views  of 
Tuomej  and  Agassiz. 


1    represents  the  peninsula  and  keys  of  Florida ; 


southern  coast ;  a!  V  the  line  of  keys,  a  b  the  line  of  living  reef;  G  ss 
the  Gulf-Stream  sweeping  around  the  living  reef.  Between  the  living 
reef  a  h  and  the  line  of  keys  a!  h'  there  is  a  ship  channel  varying  from 
five  to  ten  miles  in  width,  and  three  or  four  fathoms  deep.  Between 
the  southern  coast  a"  h"  and  the  line  of  keys  a'  b\  a  distance  at  the 
point  b^^  of  about  forty  miles,  the  water  is  very  shoal,  navigable  only 
for  the  smallest  fishing  crafl,  and  dotted  over  with  small  low  mangrove 
islands.  The  southern  coast  is  about  twelve  or  thirteen  feet  above  the 
sea.  Within  the  southern  coast,  however,  we  have  the  everglades,  a 
low  swamp  but  a  few  feet  above  the  level  of  the  sea,  covered  with 
fresh  water  and  dotted  over  with  small  islands  called  hammocks. 
Beyond,  the  living  reef  at  the  sea  bottom  slopes  rapidly  into  the  almost 
unfathomable  bed  of  the  Gulf-Stream. 

Now  we  have  the  best  evidence  that  the  everglades,  the  southern 
coast,  and  the  keys  are  all  formed  by  coral  agency.  The  evidence  is 
briefly  as  follows. 

It  is  a  well-known  fact  that  corals  cannot  grow  above  the  surface  of 
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the  water.  The  islands  therefore  so  commonly  formed  on  coral  reefs 
cannot  be  formed  by  the  agency  of  these  animals  alone,  but  are  due  to 
the  violent  action  of  waves  breaking  off  huge  coral  heads  and  over- 
turning coral  trees,  bearing  them  from  the  outer  and  more  exposed 
side  and  piling  them  on  the  middle  and  inner  side  of  the  reef.  These 
coral  boulders  form  the  nucleus  around  which  cluster  smaller  fragments 
and  coral  sand ;  the  whole  is  then  firmly  cemented  by  carbonate  of 
lime  in  solution  in  the  sea-water,  and  the  island  thus  formed  is  finally 
covered  with  vegetation  and  inhabited  by  animals  and  man. 

The  whole  embrj'onic  development,  if  I  may  use  the  expression,  of 
coral  islands  may  be  observed  upon  the  keys  and  reefs  of  Florida. 
On  the  outer  or  living  reef  a  h  some  of  these  commenced  to  form  only 
a  few  years  ago,  exist  as  yet  only  in  the  form  of  isolated  boulders  of 
dead  coral,  and  are  not  yet  dignified  with  the  name  of  keys.  Others 
are  formed  of  similar  boulders  mingled  with  smaller  fragments  and  coral 
sand,  and  firmly  cemented  by  carbonate  of  lime,  but  the  larger  boul- 
ders are  still  conspicuous  above  the  surrounding  sand  though  immov- 
ably fixed.  Still  others  are  so  covered  with  coral  sand  that  the  boul- 
ders are  not  observable,  except  by  excavation  or  by  examination  of  the 
outermost  portion  of  the  island  towards  the  sea.  The  coral  sand  is 
always  affected  with  the  cross  and  oblique  stratification  so  common  in 
materials  exposed  to  the  violent  action  of  waves.  All  the  islands  on 
the  outer  reef  ;t;  a;  a;,  are  very  small,  of  very  recent  origin  (some  only  a 
few  years  old)  and  therefore  as  yet  entirely  barren. 

The  examination  of  the  larger  and  older  inhabited  islands  of  the 
line  of  keys  a!  V  proves  beyond  question  that  they  have  been  formed  in 
a  similar  manner.  We  have  here  also  the  same  coral  boulders  min- 
gled with  smaller  fragments  and  coral  sand,  and  the  whole  firmly 
cemented  into  solid  rock,  the  same  cross  or  oblique  stratification  indi- 
cating the  former  action  of  waves  on  an  exposed  shore.  The  boulders 
here,  also,  sometimes  stand  above  the  surrounding  cement,  exposed  in 
their  superior  portions,  as  at  Key  Vaca,  and  at  others  completely  cov- 
ered with  coral  sand,  as  at  Key  West  and  most  other  keys.  This  ex- 
posure of  the  larger  boulders  above  the  surrounding  cement  in  which 
they  are  firmly  fixed,  led  Tuomey  into  the  error  of  supposing  that  they 
were  the  prominent  points  of  the  original  reef  elevated  above  the  sea 
level  by  igneous  agency,  and  that  the  keys  were  formed  by  igneous, 
rather  than  aqueous  agency.  That  such  is  not  the  case  is  proved  by 
more  attentive  examination  and  comparison  with  the  smaller  keys  of 
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the  outer  reef.  There  can  be  no  doubt,  therefore,  that  the  line  a'  V  is 
the  position  of  a  former  reef  changed  into  keys  by  the  action  of  wares 
alone. 

In  a  similar  manner  it  has  been  pointed  out  by  Tuomej  and  proved 
by  Agassiz,  that  the  southern  coast  a'^  &''  of  Florida  was  the  position 
of  still  another  and  an  earlier  reef.  The  character  of  the  rock  is  tiie 
same  as  that  of  the  keys  of  the  main  range  or  of  the  smaller  ones  on 
the  living  reef.  Here  also,  Tuomey  has  seen,  as  he  supposes,  the 
evidence  of  elevating  forces,  while  Agassiz  sees  nothing  but  the  action 
of  waves. 

There  seems  to  be  no  reasonable  doubt,  therefore,  that  at  some 
former  period  the  northern  shore  of  the  everglades  c.  <f.  was  the  posi- 
tion of  the  southern  coast,  and  at  the  same  time  the  present  southern 
coast  a"  U'  was  the  position  of  a  reef.  The  general  sequence  of 
changes  has  been  as  follows  :  a"  !/'  became  gradually  converted  into  a 
line  of  keys  and  finally  added  to  the  mainland,  and  the  shoal  water 
between  (/^  V'  and  c.  d.  became  the  everglades,  and  its  mangrove 
islands  the  hammocks  which  overdot  this  swamp.  In  the  mean  tim^ 
».  e.,  while  ci'  W,  the  present  southern  coast,  was  still  a  line  of  keys, 
another  reef  was  formed  further  out.  This  became  in  time  converted 
also  in  the  line  of  keys  a!  h\  and  will  eventually  be  added  in  its  tura  to 
the  mainland,  and  become  the  southern  coast,  —  the  shoal  water  be- 
tween d^  W  and  d  V  with  its  mangrove  islands  becoming  another 
everglade  with  its  hammocks.  In  the  mean  time  still  another  reef  has 
been  formed  yet  farther  out,  namely,  the  present  or  living  reefcii 
and  upon  this  too,  the  process  of  key  formation  has  already  commenced. 
Any  farther  extension,  however,  in  this  direction,  by  the  growth  of 
still  another  reef,  seems  precluded  by  the  proximity  of  deep  water. 
Standing  upon  the  reef,  the  blue  waters  of  the  Gulf-Stream  are  dis- 
tinctly seen  at  the  distance  of  but  a  few  hundred  yards. 

Thus  it  appears  that  not  only  the  keys  but  the  mainland  of  Florida, 
certainly  as  far  north  as  the  northern  shores  of  the  everglades,  has 
been  formed,  superficially  at  least,  by  coral  agency.  The  evidence  in 
favor  of  a  similar  origin  for  that  portion  of  the  peninsula  lying  north 
of  this  line  is  less  abundant,  and  perhaps  less  conclusive.  Yet  we  have 
every  reason  to  believe  that  the  greater  portion  of  this  also  was  formed 
in  a  similar  manner.  Although  the  geology  of  this  part  has  not,  as  &r 
as  I  know,  been  examined  by  any  one  capable  of  deciding  definitirelj 
as  to  what  portion  of  the  peninsula  is  tertiary  and  what  is  recent  coral 
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formation  ;  yet  specimens  of  coral  rock  precisely  similar  to  that  of  the 
southern  coast  and  keys,  sent  to  Professor  Agassiz  from  the  shores  of 
Lake  George  *  and  other  parts  of  Florida,  as  far  north  as  St.  Augus- 
tine, leave  no  doubt  that  on  the  eastern  coast  at  least,  the  coral  forma- 
tion extends  as  far  north  as  that  ancient  city.  I  have  myself  a  frag- 
ment of  meandrina  from  the  neighborhood  of  St  Augustine  undistin- 
guishable  from  fragments  which  may  be  picked  up  anywhere  upon 
the  keys.  The  western  shore  is  still  less  known,  but  Conrad  and 
Tuomey  state  their  opinion  that  the  bluffs  of  Tampa  are  eocence  ter- 
tiary .f  Supposing  this  to  be  a  fact,  though  it  is  still  problematical, 
then  all  that  portion  of  the  peninsula  lying  south  of  the  line  c"  d"  is 
almost  certainly  of  coral  origin  and  formed  in  the  manner  already 
indicated,  namely,  by  the  growth  of  successive  reefs.  As  to  the  posi- 
tion of  these  supposed  reefs  we  know  absolutely  nothing.  The  posi- 
tion of  the  lines  c"  d"  and  c  i  has  been  merely  suggested  by  the  suc- 
cession of  bays  which  indent  the  western  coast.  May  they  not  all 
have  been  formed  like  Chatham  Bay,  by  the  imperfect  filling  up  of 
the  shoal  water  separating  successive  reefs  from  the  mainland  ? 

Such  is  a  brief  account  of  Professor  Agassiz'  views  concerning  the 
mode  of  formation  of  the  peninsula  and  keys  of  Florida.  I  will  now 
attempt  to  show  that  coral  agency  alone  is  not  sufficient  for  this 
purpose ;  and  that  the  supposition  would  violate  all  probability,  and 
contradict  all  that  we  know  of  the  laws  which  govern  the  growth  of 
these  animals. 

It  is  a  well-known  fact  that  reef-building  corals  cannot  grow  at  a 
greater  depth  than  from  ten  to  twelve  fathoms.  It  is  also  certain  that 
they  cannot  grow  above  the  surface  of  the  water  at  low  tide.  Thus 
they  are  limited  in  a  vertical  direction  to  a  space  of  about  sixty  or 
seventy  feet  Unless  there  is  subsidence  of  the  sea  bottom,  therefore, 
it  is  impossible  that  a  reef  should  be  more  than  sixty  or  seventy  feet 
thick.  To  this  may  be  added,  in  the  case  of  coral  islands^  from  ten  to 
fifteen  feet  for  materials  accumulated  above  the  sea  level  by  the 
agency  of  waves.  If  there  is  no  subsidence,  therefore,  no  coral  forma- 
tion can  be  more  than  eighty  feet  in  thickness.  Naw  nothing  can  be 
more  certain  than  that  there  has  been  no  subsidence  whatever  of  the 


*  Types  of  Mankind,  p.  352. 

t  Silliman's  Joamal,  2d  Series,  Vol  II.  p.  393. 
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sea  bottom  upon  which  grow  the  reefs  of  Florida ;  for  other\%'ise  the 
extension  of  the  peninsula  by  means  of  coral  agencj  would  have  been 
impossible.    It  necessarily  follows,  therefore,  that  the  coral  formation  of 
Florida,  whether  upon  the  mainland,  or  upon  the  keys,  or  upon  the  hV 
ing  reef,  can  nowhere  be  more  than  seventy  or  eighty  feet  thick.    In 
other  words  it  is  evident  that  Florida  and  the  keys  are  only  faced  or 
incrusted  with  coral  formation.     If  then  corals  have  been  the  only 
agents  in  this  work ;  if  the  sea  bottom  has  remained  substantially  un- 
changed during  the  whole  time  the  coral  work  was  progressing,  it  is 
evident  that  the  sea  for  the  enormous  distance  of  ^ve  degrees  of  lati- 
tude, namely,  from  St.  Augustine  to  the  present  reef  was  nowhere 
more  than  sixty  or  seventy  feet  in  depth,  and  Florida  must  have  been 
represented  by  a  tongue  of  shoal  water  three  hundred  miles  in  length ; 
a  circumstance  possible  certainly,  but  so  improbable,  that  it  behooves 
those  who  maintain  the   theory  that   corals  alone  have  formed  the 
peninsula  to  account  for  it     But  even  if  we  admit  the  probability  of 
such  a  condition  of  things,  we  do  not  get  rid  of  the  main  difficulty,  for 
in  that  case  there  is  no  apparent  reason  why  the  corals  should  not  grow 
over  the  whole  area  at  the  same  time,  as  an  immense  coral  forest  in- 
stead of  in  the  form  of  successive  reefs.     In  a  word,  the  fact  that  the 
corals  grew  in  the  form  of  successive  reefs  concentrically  disposed  from 
north  to  south  proves,  as  it  seems  to  me,  incontestably,  that  the  condi- 
tions necessary  for  coral  growth  have  also  been  progressively  formed 
in  the  same  direction.     The  horizontal  extension  of  corals  through  so 
great  a  space  proves  also  the  progressive  extension  of  the  necessary 
conditions  ;  in  other  words  proves  that  the  sea  bottom  has  been  gradu- 
ally rising  from  the  north  towards  the  south. 

Such  a  gradual  rising  of  the  sea  bottom  may  be  attributed  to  one  of 
two  causes,  namely :  first,  gradual  elevation  by  igneous  agency ;  and 
secondly,  filling  up  by  sedimentary  deposit.  As  we  have  already  seen, 
Professor  Tuomey  has  thought  that  there  are  evidences  of  such  igne- 
ous elevation  upon  the  keys  as  well  as  upon  the  mainland,  but  the 
more  careful  observations  of  Professor  Agassiz  have  satisfactorily  ex- 
plained these  deceptive  appearances ;  so  that  we  may  now  say  with 
confidence  that  there  is  not  the  slightest  evidence  of  such  elevation,  but 
much  evidence  to  the  contrary.  Neither  the  mainland  nor  the  keys 
are  anywhere  higher  than  may  be  accounted  for  by  the  action  of 
waves,  namely,  from  ten  to  fifteen  feet,  and  it  is  inconceirable  that  this 
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elevation  should  have  gone  on  progressively,  preparing  ground  for  the 
growth  of  successive  reefs,  without  in  the  slightest  degree  affecting  the 
contiguous  and  recently  formed  land.  But  this  is  precisely  the  mode 
of  action  of  sedimentary  deposit.  Sediment  cannot,  of  course,  affect 
any  thing  hut  the  sea  bottom.  It  is  to  sedimentary  deposit,  therefore, 
that  I  attribute  the  gradual  rising  of  the  sea  bottom  from  north  toward 
the  south,  which,  as  we  have  seen,  forms  the  necessary  condition  for 
the  horizontal  extension  of  coral  reef  through  so  great  a  distance. 

Having  thus  shown  that  sedimentary  deposit  is  almost  absolutely 
necessary  for  the  explanation  of  the  southward  extension  of  the  reefs 
of  Florida,  let  us  attempt  now  to  prove  that  such  deposit  has  in  fact 
taken  place  under  the  influence  of  the  Gulf-Stream. 

It  is  a  well  known  law  of  currents  bearing  sediment,  that,  if  from 
any  cause  their  velocity  is  checked,  they  deposit  a  portion  of  their  sedi- 
ment upon  the  bottom ;  but  if,  on  the  contrary,  their  velocity  is  increased, 
they  abrade  their  beds  and  banks.  If,  therefore,  the  velocity  of  a 
stream  is  greater  on  one  side  than  on  the  other,  abrasion  will  take 
place  on  the  former  and  deposit  on  the  latter.  Now  if  such  a  stream 
bearing  sediment  make  a  sweep  or  curve,  the  velocity  will  always  be 
greater  on  the  outer  and  least  on  the  inner  side  of  the  sweep.  Hence 
there  must  necessarily  be  abrasion  of  the  outer  bank  and  deposit  upon 
the  inner.  Thus  in  proportion  as  the  outer  curve  extends  by  abrasion 
of  the  outer  bank,  the  inner  curve  will  extend  also  by  deposit,  and  the 
tongue  of  land  around  which  the  sweep  is  made  will  grow  longer  and 
longer.  If  this  tongue  is  cut  away  by  artificial  means,  so  as  to  convert 
this  portion  of  the  stream  into  a  lake,  around  the  outer  margin  of  which 
sweeps  the  current,  the  still  water  within  the  sweep  will  become  more 
and  more  shoal  until  it  is  again  converted  into  a  tongue  of  land.  Now 
this  is  necessarily  true  under  all  circumstances.  It  makes  no  differ- 
ence whether  the  stream  runs  between  banks  of  solid  matter  or  be- 
tween banks  of  still  water.  If  a  stream  bearing  sediment  run  through 
still  water,  making  a  sweep  or  curve,  the  sediment  must  deposit  princi- 
pally upon  the  inner  side  of  the  curve,  making  shoal  water  at  this 
part ;  the  curve  will  extend  and  the  shoal  water  will  extend  in  the 
same  proportion. 

Now  the  Gulf-Stream  is  such  a  current.  The  strong  sweep  which 
it  makes  around  the  point  of  Florida  is  seen  in  Fig.  1.  If,  therefore, 
the  Gulf-Stream  bears  any  sediment,  the  conclusion  seems  irresistible 

(10) 
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that  the  sweep  of  the  cnrve  has  been  inereasing  with  the  ooarse  oC 
time,  and  that  the  tongue  of  land  within  the  curve,  namely,  the  penin- 
snla  of  Florida,  has  been  extending  ^^  pari  passu  "  by  means  of  sedi- 
mentary deposit.  Or,  even  supposing  that  the  position  of  the  Gulf- 
Stream  has  always  been  the  same  as  at  present,  and  that  Florida  wis 
once  represented  by  a  tongue  of  still  water  within  the  curve ;  this  tongue 
of  still  water  must  have  become  more  and  more  shoal  by  sedimentarj 
deposit  I  repeat,  then,  that  upon  any  conceivable  theory  as  to  the 
position  of  the  Gulf-Stream,  whether  its  curve  has  been  increasing 
or  has  been  always  the  same  as  at  present,  if  it  carries  any  sediment, 
according  to  the  law  of  currents,  there  must  have  been  a  progressive 
shoaling  of  water  and  making  of  land  within  the  curve  from  north  to* 
ward  the  south,  and  consequently  a  progressive  formation  of  the  con- 
ditions necessary  for  the  growth  of  corals  and  their  extension  in  the 
same  direction.  What  evidence  then  have  we  that  the  Gulf-Streim 
does  indeed  carry  sediment  ? 

The  Gulf-Stream  is  supposed  to  be  a  continuation  of  the  great  e<p»- 
torial  current  which  stretches  across  the  Atlantic  from  the  coast  of 
Africa,  strikes  upon  the  wedge-shaped  point  of  the  eastern  coast  of 
South  America,  and  divides  into  a  northern  and  a  southem  branch. 
The  northern  branch  uniting  with  the  waters  of  the  Amazon  and  On>- 
noco,  runs  along  the  coast  of  South  America,  through  the  Caribbean 
Sea,  under  the  name  of  the  Caribbean  current,  enters  and  receires 
strength  in  the  Gulf  of  Mexico,  from  which  emerging  it  sweeps  roond 
the  point  of  Florida  and  along  the  coast  of  the  United  States  on  its 
way  to  the  coast  of  Europe. 

Now  is  it  possible  that  a  stream  which  washes  so  many  shores,  whidi 
runs  through  seas  into  which  are  poured  such  enormous  quantities  ot 
sediment  brought  down  by  the  largest  rivers  in  the  world,  is  it  con- 
ceivable that  such  a  stream  should  carry  no  sediment  ?  On  the  con- 
trary, it  is  well  known  that  the  sediment  both  of  the  Amazon  and 
Oronoco  rivers  is  carried  by  this  stream  and  distinctly  traceable  for 
several  hundred  miles.  Much  of  it  is  doubtless  deposited  along  the 
coast  and  in  the  Caribbean  Sea ;  but  ^  according  to  Humboldt  mnch 
sediment  is  carried  again  out  of  the  Caribbean  Sea  into  the  Gulf  of 
Mexico."*     Into  the  same  gulf  is  also  poured  the  enormous  amoont 

*  Lyell's  Principles  of  Geology,  p.  328. 
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of  sediment  brought  down  by  the  golf  rivers,  especially  by  the  Missis- 
sippi. Out  of  this  gulf,  the  waters  of  which  are  thus  highly  charged 
with  sediment,  comes  the  6nlf>Stream  on  its  way  round  the  point  of 
Florida.  If  then  this  stream  mingles  at  all  with  the  waters  of  the 
gulf  rivers,  it  must  necessarily  carry  sedii^ent  That  it  does  thus 
mingle  is  proved  by  the  fact  mentioned  by  Lyell,*  that  drift  timber 
from  the  Mississippi  is  carried  by  this  stream  to  the  shores  of  Iceland 
and  Europe.  Now  unless  we  suppose  the  whole  of  this  sediment  to 
be  deposited  in  the  gulf,  it  must  reach,  and,  by  the  law  of  currents 
already  insisted  on,  be  deposited  much  of  it  upon  the  point  of  Florida. 
But  we  have  the  best  reasons  for  believing  that  it  is  not  all  deposited 
in  the  gulf.  The  distance  from  the  mouth  of  the  Mississippi  to  the 
Tortugas  is  about  five  hundred  miles.  Taking  the  velocity  of  the 
Gulf-Stream  through  the  Gulf  of  Mexico  at  three  miles  per  hour, 
it  would  traverse  this  distance  in  about  seven  days.  Now  the  finest 
sediment  will  not  sink  more  than  an  inch  in  an  hour ;  but  supposing  the 
mud  bropght  down  by  the  Mississippi  sinks  at  the  rate  of  one  foot  per 
hour,  in  seven  days  it  would  sink  168  feet.  But  the  depth  of  the  Gulf 
of  Mexico  and  the  Gulf-Stream  is  much  greater  than  this.  Therefore, 
fine  sediment  from  the  Mississippi  would  even  reach  the  point  of  Florida, 
and  what  was  not  deposited  there  would  be  carried  much  farther  on. 
We  have  farther  evidence  of  this  in  the  soundings  made  by  the  coast 
survey  off  the  eastern  coast  of  Florida,  and  the  nature  of  the  bottom 
which  has  thus  been  brought  up.  It  can  scarcely  be  doubted  for  a 
moment  that  the  banks  of  sand  and  mud  found  in  the  bed  and  on  the 
margin  of  the  Gulf-Stream  off  the  eastern  coast  of  Florida  were  depos- 
ited there  by  that  stream. 

But  it  will  be  objected  that  the  water  of  the  Gulf-Stream  is  re- 
markable for  its  transparency.  This  objection,  however,  will  en- 
tirely disappear  when  we  consider  the  difference  between  rivers  and 
ocean  currents.  The  former  are  of  slight  depth  and  run  over  rough 
bottoms,  and  between  banks  possessing  many  inequalities  of  surface 
and  offering,  therefore,  much  resistance.  Hence  are  generated  partial 
currents  upward  and  downward,  to  the  right  and  left,  which  thoroughly 

*  LyeLl's  PriDciples  of  Goology»  p.  721 ;  and  Proc.  Amer.  Aw.  BorenUi  meeting, 
p.  181,  and  eighth  meeting,  p.  140. 
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mix,  as  if  by  a  sort  of  ebullition,  tbe  waters  of  the  river.  It  is  impo6- 
sible  that  matters  in  suspension  or  solution  should  exist  in  one  part 
and  not  in  another,  that  is,  that  sediment  should  be  carried  by  the 
deeper  strata,  while  the  superficial  strata  remain  transparent.  But 
with  oceanic  'streams  the  case  is  quite  different  Their  great  depth 
and  the  fact  that  they  are  bounded  on  all  sides  by  still  water,  in  other 
words,  that  they  run  over  perfectly  even  beds  and  between  perfectly 
smooth  banks,  cause  them  to  ffow  without  the  slightest  agitation,  and 
without  the  ripples  and  inequalities  which  mark  the  currents  of  rivers. 
The  currents  of  oceanic  streams,  therefore,  do  not  in  the  slightest  de- 
gree interfere  with  the  natural  subsidence  of  materials  in  suspensicm. 
They  are  equally  as  favorable  to  subsidence  as  perfectly  still  water. 
The  surface  transparency  of  the  Gulf-Stream,  therefore,  forms  no  objec- 
tion whatever  to  the  supposition  that  it  carries  sediment  in  the  deeper 
strata.  Such  sediment  would  necessarily  sink  beyond  observation  in 
the  course  of  a  few  hundred  miles. 

After  what  I  have  already  said,  the  bare  inspection  of  the  following 
figures  will  be  sufficient  to  show  the  application  of  the  theory  in  tbe 
formation  of  the  peninsula. 

Figs.  2,  3,  &  4  are  ideal  sections  through  the  middle  of  the  penin- 
sula, along  the  line  p  p  Fig.  1,  representing  the  different  stages  of  the  pro- 
cess, and  showing  how  these  two  agents  concurred  in  the  formation  of  the 
peninsula.  In  all  the  figures  /  2  is  the  sea  level,  G  S  the  Gulf-Stream, 
c,  a>\  a\  a,  sections  of  the  lines  c  rf,  a"  U\  a'  b\  a  ft  of  Fig.  1.  In  fig.  2,  c 
represents  the  southern  coast  of  Florida,  at  some  time  previous  to  the 
present  elongation  of  the  peninsula,  that  is,  when  it  was  in  the  pres- 
ent position  of  the  northern  shores  of  the  everglades;  cn'^o"  the  sea 
bottom  at  that  time  sloping  into  the  Gulf-Stream,  G  S^  n"  the  point 
where  the  depth  of  sixty  feet  is  attained.  At  this  point  grew  a  reef  (a*), 
leaving  a  ship  channel  e  between  itself  and  the  southern  coast  (c). 
Fig.  3  represents  the  condition  of  things  when  by  sedimentary  depoct 
the  sea  bottom  had  become  a"  n'  o\  the  reef  (a")  had  become  a  line  of 
keys,  the  ship  channel  e  had  become  shoal  water  dotted  over  with  man- 
grove islands  (not  here  represented),  and  another  reef  {a')  had  formed 
at  the  limiting  depth  of  sixty  feet,  and  another  ship  channel  t*  between 
it  and  the  previous  reef.  Fig.  4  represents  the  condition  of  things 
when  the  sea  bottom  had  advanced  to  a!  n  o.    Now  a'  the  Une  of  keys  of 
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the  lust  figure  has  become  the  southern  coast,  and  the  shoal  water  e 
has  become  the  everglsides  a",  the  reef  of  the  last  figure  has  become  a 
line  of  keys,  and  its  ship  channel  e'  shoal  water,  and  at  the  limiting 
depth  of  sixty  feet  still  another  reef  a  with  its  ship  channel  c"  has 
been  formed.  This  figure,  therefore,  represents  the  present  condition 
with  the  supposed  former  conditions  in  dotted  outline. 

(•10) 
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It  is  evident  that  if  this  theory  be  correct^  and  no  insapenible  obstt- 
cle  is  interposed,  the  Gulf-Stream  may  continue  to  move  its  bed  and 
the  point  of  Florida  to  extend  almost  indefinitely.  Bat  such  an  obsta- 
cle is  interposed  in  the  island  of  Cuba.  The  Gulf-Stream  cannot  move 
much  beyond  its  present  position,  nor  Florida  extend  beyond  the  posi- 
tion of  the  present  reef,  except  at  the  expense  of  Cuba  and  the  Bahama 
Banks.  Cuba  can  never  be  annexed  by  any  natural  agencies  whether 
coral  or  current. 

Or  even  supposing  (as  I  have  already  done)  that  the  position  of  the 
Gulf-Stream  has  always  been  the  same  as  at  present,  and  that  the 
peninsula  of  Florida  was  originally  represented  by  a  tongue  of  stiD 
water;  yet  substantially  the  same  changes  would  necessarily  have 
occurred.     Fig.  5  is  an  ideal  section  showing  the  succession  of  changes 


upon  this  hypothesis.  The  letters  represent  the  same  things  as  on  Figs. 
2,  3,  &  4.  It  is  evident  that  as  the  point  of  Florida  approached  the 
Gulf-Stream  the  slope  of  the  bottom  would  become  steeper,  and,  there- 
fore, the  limiting  depth  would  be  attained  at  a  shorter  distance  from 
shore,  the  consecutive  reefs  would  be  formed  nearer  and  nearer  to  one 
another  and  the  intervening  ship  channels  would  become  narrower. 
Inspection  of  Fig.  1  shows  that  this  is  actually  the  case.  We  have  chosen 
to  trace  this  process  only  as  far  as  the  northern  shore  of  the  everglades, 
because  thus  far  we  have  the  most  indisputable  evidence  of  the  recency 
of  the  formation.  But  in  the  same  manner  we  might  carry  it  still 
farther  back  in  time  and  northward  in  space,  and  represent  the  soe- 
cessive  reefs  by  which  the  superficial  portions  of  the  rest  of  the  penm- 
Bula  were  formed.    In  Figs.  4  &  5  the  space  between  n  v!  n'  vT  and  II, 
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equal  to  sixty  feet,  represents  that  portion  of  the  peninsula  which  I 
have  supposed  to  have  been  formed  by  coral  agency  alone. 

There  is  one  other  fact  of  great  importance  and  otherwise  inexplica- 
ble which  receives  a  ready  explanation  upon  this  theory,  and  which  I 
think,  therefore,  is  strongly  confirmatory  of  its  truth.  I  allude  to  the 
fact  that  the  successive  reefs  are  formed  at  some  distance  from  one 
another ;  in  other  words,  that  the  peninsula  is  formed  by  a  succession  of 
barrier  reefs,  instead  of  a  continuous  southward  growth  of  fringing 
reef.  The  reefs  of  Florida  are  in  some  respects  entirely  peculiar. 
Barrier-reefs  have  heretofore  been  considered  as  always  the  result  of 
subsidence  of  the  sea  bottom,  and  are  invariably  looked  upon  as  the 
sign  of  such  subsidence.  But  in  Florida  we  have  barrier-reefs  where  . 
it  is  certain  there  has  been  no  subsidence.  We  have  here,  therefore,  a 
new  form  of  barrier-reef.  This  important  fact  did  not,  I  am  sure,  escape 
the  attention  of  Professor  Agassiz,  for  my  own  attention  was  first 
drawn  to  it  by  him ;  but  I  have  seen  no  publication  in  which  he  has 
alluded  to  the  fact,  nor,  as  far  as  I  know,  has  he  ever  attempted  or 
even  thought  of  a  probable  explanation.  The  explanation  which  I 
would  offer  is  as  follows :  — 

It  is  a  well-known  condition  of  coral  growth  that  the  sea  water 
must  be  pure  and  transparent  Corals  will  not  grow,  therefore,  on 
muddy  shores  or  in  water,  upon  the  bottom  of  which  sediment  is  depos- 
iting. Now  it  must  be  borne  in  mind  that  while  the  Gulf-Stream 
bears  sediment  in  its  deeper  strata  it  is  superficially  transparent,  and 
we  have  already  shown  that  this  must  of  necessity  be  the  case  with 
ocean  streams.  Suppose,  then,  that  the  matters  held  in  suspension  by 
the  waters  of  the  Gulf  of  Mexico,  be  of  such  a  degree  of  fineness  that 
it  sinks  to  the  depth  of  sixty  feet  by  the  time  it  reaches  the  point  of 
Florida.  It  is  evident  that  the  sea  bottom  within  the  curve  cannot 
rise  by  deposit  above  this  level ;  for  all  the  sediment  is  below.  A  stream 
bearing  sediment  in  all  its  strata  from  bottom  to  top,  such  as  a  river  for 
instance,  will  make  land  within  the  curve,  but  an  ocean  stream  will 
only  make  shoal  water  within  the  curve.  In  the  case  supposed,  where 
the  bottom  of  the  shoal  water  rises  to  within  sixty  feet  of  the  surface,  it 
will  cease  to  secure  deposit,  and  the  water  will  remain  perfectly  trans- 
parent Here,  then,  it  would  seem,  we  have  the  conditions  necessary 
for  coral  growth.    It  must  be  recollected,  however,  that  upon  a  sloping 
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shore  with  mud  bottom,  such  as  we  have  supposed  always  existed 
at  the  point  of  Florida,  a  fringing  reef  cannot  possiblj  form,  for  tlie 
water  is  rendered  turbid  bj  the  chafing  of  waves  against  the  mud 
bottom  ;  but  at  some  distance  from  shore,  that  is,  where  the  depth  of 
sixty  or  seventy  feet  is  attained  and  where  the  bottom  is  anaflTected  by 
the  waves  therefore,  the  conditions  favorable  for  coral  growth  would  be 
formed.  Here  would  be  formed  a  barrier-reef,  limited  on  the  one  side  by 
the  muddiness  and  on  the  other  by  the  depth  of  the  water. 

I  have  said  that  a  stream  running  through  still  water  and  making  a 
curve  would  deposit  most  of  its  sediment  on  the  inner  side  of  the  curve. 
This  is  certainly  true,  but  it  is  a  more  general  expression  of  the  tmth 
to  say  that  a  stream  running  through  still  water  will  deposit  sediment 
on  both  sides  just  where  it  comes  in  contact  with  the  still  water  and  is 
retarded  by  it  It  would  do  so  for  the  same  reason  that  rivers  which 
habitually  overflow  their  banks  form  natural  levees  on  either  side, 
where  tlie  rapid  current  of  the  river  comes  in  contact  with  the  compar- 
atively still  water  of  the  river  swamp.  It  is  well  known  that  the  nat- 
ural levees  of  the  Mississippi  continue  out  to  sea  in  the  form  of  sob- 
marine  banks,  evidently  formed  by  the  checking  of  the  velocity  of 
the  current  on  either  side  by  contact  with  the  still  water  of  the  Gulf. 
If  the  current  is  straight  the  deposit  on  both  sides  will  be  equal,  and 
thus  the  stream  will  form  banks  for  itself.  If  the  stream  is  curved  the 
deposit  will  be  mostly  on  the  inner  side  of  the  curve,  as  already  said. 
Is  it  not  probable  that  the  Bahama  Banks  or,  at  least,  that  portion  of 
them  which  lies  to  the  east  of  Florida  may  have  been  formed  to  a  great 
extent  in  the  same  way  ;  that,  while  the  peninsula  of  Florida  has  been 
made  on  one  side,  the  Bahama  Banks  have  been  made  on  the  other. 
It  will  be  observed  .that  the  great  Bahama  Banks  lie  off  the  eastern 
coast  of  Florida,  and  that  the  Gulf-Stream  runs  in  a  narrow  channel 
between  them.  At  the  point  of  Florida  the  deposit  would,  of  course, 
be  on  the  inner  side  of  the  curve  and  would  go,  therefore,  mostly  or 
entirely  to  the  extension  of  that  peninsula ;  but  afler  the  stream  turns 
northward  and  becomes  nearly  straight,  the  deposit  would  be  also  on 
the  other  side,  and  thus  probably  have  originated  these  banks.  Or, 
even  if  we  suppose  that  there  originally  existed  in  this  position  islands 
or  submarine  hills  which  turned  the  stream  around  the  point  of  Flor^ 
ida,  these  have,  doubtless,  become  greatly  modified  and  extended  by 
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sedimentary  deposit  Probably,  also,  even  the  general  form  of  the 
Atlantic  bottom,  very  sloping  until  the  Gulf  Stream  is  reached,  and  then 
plunging  rapidly  into  an  almost  unfathomable  abyss,  forming  a  deep 
bed  for  that  stream,  may,  to  some  extent  at  least,  be  accounted  for  in  a 
similar  manner;  for  certain  it  is  that  a  stream  running  through  still 
water  no  less  than  one  running  over  land  will  make  its  own  bed,  only 
in  the  latter  cas%  by  abrasion  it  cuts  out  its  own  channel,  while  in  the 
former  by  deposit  it  builds  up  its  own  banks. 

This  property  of  ocean  streams,  namely,  that  they  form  banks  or 
ridges  where  they  come  in  contact  with  still  water,  affords  a  possible 
and,  as  it  seems  to  me,  even  a  probable  explanation  of  certain  remark- 
able peculiarities  of  sea  bottom  brought  to  light  by  recent  soundings 
across  the  Gulf-Stream.*  Commencing  from  Charleston,  the  bed  of  the 
ocean  slopes  at  first  very  gently,  so  that  at  the  distance  of  fifty  miles 
from  shore  it  attains  only  the  depth  of  twenty  fathoms,  and  then 
very  rapidly  so  that  in  twenty-five  miles  moi'e  it  sinks  to  the  depth  of 
seven  hundred  fathoms  or  more.  At  the  additional  distance  of  another 
twenty-five  miles,  that  is,  one  hundred  miles  from  shore,  at  the  depth  of 
three  hundred  fathoms  is  found  a  ridge  rising  from  unfathomable  depth 
on  one  (coast)  side,  and  one  thousand  five  hundred  feet  above  the  hol- 
low on  the  other  side.  At  the  distance  of  a  little  more  than  twenty 
miles  more  is  found  another  ridge  five  hundred  feet  high,  followed  by 
still  another  hollow.  Farther  observations  show  that  the  Gulf-Stream 
is  divided  into  longitudinal  bands  or  streams  of  warm  and  cold  water, 
and  that  the  warm  bands  correspond  to  the  hollows,  and  the  cold  bands 
to  the  ridges* 

Now  these  ridges  and  hollows  may  be  conceived,  to  have  been  formed 
in  either  of  two  ways,  namely,  by  igneous  or  by  current  agency.  As 
upon  land,  valleys  are  formed  either  by  igneous  or  aqueous  agency ;  that 
is,  may  be  valleys  of  elevation  or  valleys  of  erosion  ;  so  also  in  the  sea, 
ridges  may  be  formed  by  igneous  or  current  agency,  that  is,  may  be 
ridges  of  elevation  or  ridges  of  deposit.  In  either  case  there  would  be 
conformity  between  the  direction  of  the  ridges  and  the  direction  of  the 
current ;  only,  in  the  one  case  the  current  would  conform  to  the  ridges, 
and  in  the  other,  the  ridges  would  conform  to  the  current. 

*  Proc.  Amer.  Ass.   Cleveland  meeting,  p.  167 ;  and  Washington  meeting,  p. 
140.    Silliman's  Journal,  2d  Series,  Vol.  XXI.  p.  84. 
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remained.  The  explorations  of  Lewis  and  Clarke,  of  Long,  Nio^let, 
and  Fremont  gave  us  the  first  glimpses  of  the  true  structure  of  the 
country  along  their  several  lines  of  travel.  Fremont  brought  us  to  a 
knowledge  of  that  singular  feature  in  the  physical  geography  of  Amer- 
ica, —  the  Great  Basin,  with  its  included  Great  Salt  Lake,  —  and  gave 
us  the  first  reliable  knowledge  of  the  structure  of  the  great  Sierra 
Nevada  of  California  and  the  extended  valleys  at  its  western  base. 
But  the  unknown  regions  were  so  vast  that  these  grand  contributions 
to  geography  gave  us,  as  I  have  observed,  mere  lines  upon  the  map, 
and  great  spaces  remained  blank  and  unknown.  The  materiab  were, 
however,  safficient  to  authorize  extensive  generalizations,  which  map 
publishers  and  others  rapidly  made,  not  always  distinguishing  be- 
tween the  known  and  the  hypothetical.  The  result  was,  that  our 
maps  lefl  us  little  to  desire,  all  the  spaces  were  filled,  and  few 
could  distinguish  between  the  true  and  the  fanciful.  Thus  those  per- 
sons who  have  formed  a  conception  of  the  orography  of  the  great 
region  west  of  the  Mississippi  from  the  ordinary  maps  have  not  at- 
tained a  true  idea  of  its  surface  or  configuration. 

The  recently  completed  surveys,  made  to  determine  the  most  practi- 
cable railroad  route  to  the  Pacific  Ocean,  have  made  great  additions  to 
our  previous  knowledge.  Indeed,  it  is  believed  that  such  extensive 
contributions  to  the  geography  and  natural  history  of  the  interior  of  any 
country  have  never  before  been  made  in  a  similar  space  of  time.  Eight 
expeditions  were  sent  out,  each  having  an  independent  outfit,  in- 
structions, and  line  to  survey.  They  crossed  the  country  near  differ- 
ent parallels  of  latitude,  and  their  routes  were  selected  with  reference 
to  the  unexplored  spaces.  In  many  cases  these  parties,  when  in  the 
field,  were  subdivided,  and  thus  wider  or  parallel  belts  were  explored. 
The  combined  results  of  these  surveys,  when  plotted  on  the  map  of  the 
Territories,  fill  up  nearly  all  the  previously  blank  spaces,  and  serve  to 
connect  together  the  results  of  explorations  previously  made.  The 
position,  direction,  and  altitude  of  ranges  of  mountains  not  before 
described  have  been  made  known.  The  direction  and  position  on  the 
map  of  a  part  of  the  Great  Colorado  and  other  rivers  have  been 
changed ;  and  the  boundaries  of  the  Great  Basin  have  been  restored  to 
the  limits  originally  assigned  by  Fremont.  The  attention  of  the  sur- 
veys having  been  specially  directed  to  the  determination  of  altitudes 
and  grades,  and  a  large  number  of  accurate  instruments  having  been 
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provided  for  this  purpose,  the  results  have  an  unusual  interest  in  an 
orographic  point  of  view.  The  altitudes  of  a  great  number  of  mountain 
passes  in  all  of  the  prindpal  nuiges  of  mountains  from  the  northern 
boundary  line  to  Mexico  have  been  very  accurately  determined,  and 
the  inclination  of  the  slopes  on  each  side  made  known.  The  materials 
which  had  been  collected  at  the  date  of  publication  of  the  preliminary 
reports  *  were  sufficient  to  permit  of  the  construction  of  five  profiles  of 
the  country  from  the  Mississippi  to  the  Pacific  These  were  reduced 
to  one  scale  and  published  on  one  sheet  under  the  direction  of  the  Sec- 
retary of  War.  With  such  an  accumulation  of  new  material  it  is  not 
BOiprising  that  previously  constructed  maps,  and  even  the  large  map 
published  from  the  Bureau  of  Topographical  Engineers  in  1850,  which 
contained  much  that  had  not  the  author!^  of  actual  observation,  should 
be  found  greatly  in  error. 

It  is  from  these  new  materials,  together  with  the  results  of  previous 
explorations,  that  I  have  prepared  the  map  which  is  before  us,  on 
which  I  have  laid  down  the  principal  mountains  in  black  lines.  I  have 
attempted  to  present  the  trends  of  the  principal  ranges  as  accurately  as 
possible^  and  to  avoid  the  errors  which  result  from  drawing  continuous 
lines  of  mountains  along  the  water-shed,  or  divides  between  streams 
without  regard  to  the  structure  or  magnitude  of  different  portions  of 
the  chain* 

The  great  number  and  wide  distribution  of  the  mountains,  and  the 
▼ariety  of  names  under  which  the  same  chain  is  known  at  different 
pLaceBy  make  it  necessary  to  consider  them  in  groups,  in  order  to  facili- 
tate descriptions  and  comparisons.  We  may  readily  form  them  into 
groups  by  taking  advantage  of  the  great  geographical  features,  and 
indeed,  they  are  already  separated  by  Nature  into  three  great  divisions,, 
which  may  be  described  in  general  as  follows. 

The  first  group  consists  of  the  gpeat  line  of  water-shed  between  the 
Pacific  and  the  Atlantic  Oceans,  commonly  knovm  in  part  as  ^e  Rocky 
Mountains,  and  extending  fh»n  the  table-land  of  Mexico  to,  and  beyond 
the  northern  boundary. 

The  second  may  include  the  Sierra  Nevada  of  California  and  its 
prolongations  south  into  Lower  California  and  north  into  Oregon  and 

♦  Report  of  Hon,  Jefferson  Dayis,  Secretaiy  of  War,  on  the  several  Pacific  Eail- 
foad  Explorations.    Eoum  Doc,  129.    Washington,  1855. 

(11) 
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Washington  Territories,  also  all  the  ranges  between  this  chain  and  die 
coast  —  the  Coast  Mountiuns  of  California. 

The  third  group  comprises  the  numerous  and  broken  ranges  Ijing 
between  the  first  and  second  groups ;  the  ranges  of  the  Great  Basil 
and  Salt  Lake,  and  along  the  Gila. 

The  first  group  is  suffidentlj  characterized  and  separated  fran  the 
rest  by  being  the  dividing  ridge  or  crest  of  the  continent  from  which 
the  waters  flow  each  way  into  the  Pacific  and  Atlantic.  The  second 
is  characterized  by  its  lofty  and  unbroken  line  of  snowy  pealLs  fimning 
a  great  wall  along  the  Pacific  The  third  is  well  separated  from  the 
first,  by  the  valleys  of  the  Colorado  and  Green  Rivers  on  the  south, 
and  Snake  River  on  the  north  ;  while  on  the  west,  it  is  separated  firon 
the  second  group  by  the  well-defined  line  of  snowy  heights  of  the  Sierra 
Nevada,  and  further  south  by  the  low  valley  of  the  Colorado  Desert 
and  the  Gulf  of  California. 

It  wOl  thus  be  seen  that  these  divisions  of  the  mountains  are  founded 
upon  geographical  distinctions  and  not  on  the  geological  ages  or  rela- 
tions of  the  chains,  although  it  is  believed  that  the  same  divisions  wiH 
be  convenient  for  geological  ^descriptions.  Two  other  groups  maybe 
formed  of  ^e  long  line  of  azoic  rocks  extending  north-west  from  the 
Great  Lakes,  and  of  the  Appalachian  chain  and  its  extension  north 
through  New  England  and  Canada,  and  thus  aU  the  prindpal  chains 
of  the  continent  will  be  included. 

I  now  proceed  to  a  description  of  the  leading  features  of  ea^  gna^ 

We  find  the  northern  portion  of  the  first  group  to  be  comprised  of 
three  principal  and  nearly  parallel  ranges,  —  the  Rocky  Monntains 
proper,  the  Bitter  Root  Mountains,  and  the  Cour  d'  Alene  Mc 
The  last  two  ranges  are  intersected  by  the  head  waters  of  the  Coli] 
bia  River,  but  they  are  very  properly  referred  to  this  group.  Tin 
Bitter  Root  range  extends  from  about  latitude  46^  to  Clark's  Ibrk 
of  the  Columbia,  and  is  prolonged  beyond  it  to  the  eastern  side  of  Flat 
Bow  Lake,  where  it  is  known  by  another  name ;  a  parallel  chain,  or 
possibly  a  portion  of  the  same,  is  there  called  Kootanie  MoontainsL 
The  Bitter  Root  range  is  considered  to  be  more  lofty  and  nigged  tium 
the  Rocky  Mountains,  with  which  it  is  joined  by  the  dividing  ridges 
between  the  Bitter  Root  River  and  the  Jefierson  fork  of  the  Missouri. 
The  Salmon  River  Mountains,  further  south,  may  be  regarded  as  ooa- 
nected  with  these  ranges.    The  Rocky  Mountains  proper  extend,  la 
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our  territories,  from  tlie  boundary  in  a  direction  south  20^  east,  260 
miles,  to  lat  46^,  where  thej  curve  to  the  south-west,  and  unite  with 
the  Bitter  Boot  range.  From  this  point  south,  there  is  but  one  range, 
of  which  however  very  little  is  now  known,  until  it  unites  with  the 
Wind  River  Mountains,  which  extend  south  40^  east  for  about  170 
miles  to  the  depression  known  as  the  South  Pass.  In  this  range  we 
Imve  the  highest  point  of  the  group  —  Fremont's  Peak,  13,570  feet  in 
altitude. 

.  From  the  southern  end  of  this  range  to  the  next,  there  is  a  wide 
interval  without  any  mountains.  The  country  is  a  table-land  or  gently 
rolling  prairie,  but  has  an  elevation  of  about  7,500  feet  We  find  on 
most  of  the  maps  published  up  to  this  time  the  representation  of  a 
range  of  mountains  east  of  the  South  Pass,  and  extending  from  the 
-vicinity  of  Fort  Laramie  to  Forib  Union  on  the  Missouri.  Becent 
explorations  made  by  Lieut  6.  K  Warren,  U.  S.  Topographical  £ngi- 
neers,  show  that  there  is  no  range  of  mountains  there ;  the  country 
is  a  table-land  or  plateau. 

About  140  miles  south-east  of  the  extremity  of  the  Wind  River 
range,  we  find  the  mountains  again  extending  in  parallel  ridges  towards 
the  south,  and  inclosing  wide  rectangular  vaUeys  known  as  the  Parks. 

The  first  or  Medicine  Bow  range  is  nearly  coincident  in  its  direction 
"with  the  Wind  River  Mountains,  and  it  is  separated  from  a  parallel 
range  south-west  of  it  by  the  head  waters  of  the  Platte  River.  These 
mountains,  south  of  the  Medicine  Bow  range,  as  represented  upon  the 
maps,  display  a  singular  rectangular  intersection  of  the  ridges,  which 
ifl,  however,  believed  to  be  in  great  part  caused  by  drawing  lines  of 
mountains  along  the  divides.  It  is  most  probable  that  the  ridges  are 
nearly  parallel,  and  I  have  attempted  to  show  what  is  probably  their 
true  structure  on  the  map.  These  mountains  are  generally  known  as 
the  Park  Mountains,  and  extend  on  the  south  to  the  sources  of  the 
Arkansas  River.  Their  general  direcdon  is  north  and  south,  and  some 
of  the  highest  peaks  of  the  groap  are  found  there. 

South  of  these  Park  ranges  we  find  the  broken  and  composite  char- 
acter of  the  chain  still  preserved.  The  ranges  are  numerous,  and 
known  by  different  names.  They  inclose  long  valleys,  through  which 
the  Rio  Grande  fiows,  occasionally  breaking  across  the  low  points  of 
the  ranges,  and  thus  entering  several  valleys  in  succession.  On  the 
east  of  the  stream  we  find  the  Santa  F^,  Sandia,  Manzana,  Organ,  and 
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Hueco  ranges ;  and  on  the  west  the  San  Juan,  CSmsoa,  and  Siem 
Madre.  The  Sierra  Madre  divei^ges  from  the  Rio  Grande,  a  few  mifeg 
south  of  the  parallel  of  34%  and  trends  about  north  20"^  west  until  it 
disappears  in  the  table-lands  near  the  parallel  of  36^.  The  Organ 
Mountains,  on  the  other  side  of  the  river,  appear  to  be  more  northeriy 
in  direction,  trending  north  14^  west.  This  is  abont  the  tread  of  tbe 
Sierra  San  Juan  and  the  Hueoo  range.  The  Santa  F^  range  and  tin 
mountains  north  as  far  as  the  Sangre  de  Ctisto  Pass  appear  to  be 
nearly  north  and  south  in  their  trend.  The  onl j  range  with  a  norA- 
east  trend  is  found  east  of  the  Hueco  range,  and  west  of  the  Pecos 
Biver,  and  is  known  as  the  Guadalupe.  It  trends  north  38^  east,  and 
may  be  regarded  as  a  part  of  the  line  of  north-east  and  south-west  ele- 
vations which  are  found  through  Texas  and  Arkansas. 

We  have  thus  followed  the  great  chain  of  mountains  forming  tins 
group  from  the  British  possessions  on  the  north  to  the  Mexican  bonn- 
dary  on  the  south.  The  length  of  this  great  chain,  or  rather  the  distsDce 
over  which  it  extends  in  the  territory  of  the  United  States,  is  abost 
1,400  miles.  Its  general  direction  may  be  said  to  be  north-north-west 
and  south-eouth-east ;  but,  as  we  have  seen,  there  are  several  local  but 
decided  deflections.  The  most  prominent  is  that  of  whidi  the  Wind 
Biver  range  forms  a  part,  where  the  direction  becomes  about  north  55^ 
west.  The  trend  of  the  Santa  F6  ran^  and  the  Organ  range  is  neailj 
north  and  south,  while  the  Bitter  Root  and  Bocky  Mountain  noge 
proper  trend  about  north  25^  west.  A  well-defined  paraMelism  of 
ranges  is  preserved  throughout  this  group,  being  distinct  along  the  Bio 
Grande,  south  of  the  Park  ranges.  H^re,  there  are  three  or  more 
parallel  ranges  inclosing  long  valleys. 

We  can,  as  yet,  form  only  an  approximate  eslamate  of  the  genenl 
elevation  of  the  whole  or  principal  chain,  although  oar  knowledge  of 
the  height  of  the  passes  has  been  greatly  increased.  The  prindpil 
measurements  which  have  been  made  ore  presented  ia  the  foUowisg 
table. 
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TABLE   OF  PASSES. 


PaM. 

Bulge. 

Altftnde. 

Authority. 

Marias  Pafls. 

Bocky  Mountains. 

7,600 

Stevens. 

liewifl  and  Claike'8. 

U     ^              M 

6,823 

« 

Cadottee. 

«           « 

6,044 

« 

HellGata. 

<c               u 

6,000 

tt 

/ir 1 ui-.   'DS.^v 

Bitter  Root 

7,040 

ft 

Sooth  Pass. 

Wind  River. 

7,490 

Fremont. 

Bridgen. 

7,500 

Stansburv. 

CheyeniM. 

Blaek  Hills. 

« 

(Nameless) 

Parit  Mountains  between 

New  and  Old  Pariu. 

9,000 

Fremont. 

(Nameless) 

PariL  Mountains  between 

Old  and  South  Parks. 

11,200 

It 

Codietopa. 
Sangre  de  Crista 

San  Juao. 

10,032 

Gunnison. 

9,396 

l€ 

Raton. 

Raton. 

7,479 

Campbelrs. 
Cammo  del  Obispo. 

Sandia. 
Sierra  Madre. 

6,937 
7,750 

Whipple. 

«'        « 

7,946 

u 

£1  Paso  del  Norte. 

Organ  Mountains. 

3,830 

Parke. 

Haeco. 

Hoeoo. 

4,811 

Pope. 

Gnadalnpe. 

Guadalupe. 

6,717 

« 

•  We  flee  from  this  table  that  the  altitude  of  the  passes  decreases,  both 
towards  the  north  and  the  soatb,  the  greatest  height  bang  found  in 
the  Park  ranges  near  the  parallel  of  40%  or  at  the  sources  of  the 
sputh  fork  of  the  Platte  Biver. 


SECOND  GROUP. 

The  mountains  of  the  second  group*  at  the  extreme  north  near  the 
iMMindary,  are  as  yet  but  little  known  to  explorers.  It  is,  however, 
certain  that  the  extended  range  of  the  Cascades  has  a  nearly  north 
and  south  trend,  and  is  continuous, -^broken,  of  course,  by  passes  and 
a  deep  gorge  at  the  Columbia,— -from  the  British  Provinces  to  the 
California  line.  This  range,  throughout  its  extent,  is  characterized  by 
a  line  of  lofty  volcanic  cones,  their  summits  being  covered  with  perpet- 
ual snow.  The  lava  which  has  flowed  from  them  has  extended  fiur 
6om  their  bases,  and  has  covered  the  greater  part  of  the  rocks  of  the 
range  from  view.  It  is  most  convenient  to  regard  the  Cascade  range 
as  terminating  at  the  south  at  the  Klamath  River,  near  the  boundary 
between  California  and  Oregon.    The  peak  of  Shasty  might,  however, 

(11*) 
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be  very  properly  regarded  $b  a  part  of  the  range,  it  being  the  last  of 
the  series  of  volcanic  cones.  This  mountain  rises  north  of  Pitt  Biver, 
and  is  in  this  way  partly  isolated  from  the  Sierra  Nevada.  Its  eleva- 
tion  is  now  estimated  to  be  not  less  than  20,000  feet. 

We  do  not  find  the  great  snowy  range,  or  the  Sierra  Nevada  to  be 
composed  of  one  oontinaoas  elevated  ridge,  forming  a  sharp  snowy  crest, 
as  is  generally  supposed.  It  is  formed  of  many  and  nearly  paraDd 
ranges  which  inclose  elevated  valleys,  precisely  as  in  the  Great  Basin. 
The  northern  part  of  the  Sierra  is  flattened  down  into  broad  tafaie- 
lands  or  a  plateau,  hemmed  in  on  both  sides  by  ranges.  The  platean  in 
the  vicinity  of  the  Madelin  Pass  is  about  twenty  miles  broad,  and  has 
average  elevation  of  about  5,000  feet,  the  ranges  on  each  side  rising 
from  500  to  8,000  feet  higher.  The  plateau  is  irregular  and  broken 
by  short  ranges,  but  extends  northward  into  Oregon  to  Lake  Abert,  and 
the  numerous  small  lakes  in  its  vicinity.  These  lakes,  in  &ct,  oocopy 
the  lowest  portion  of  the  plateau,  and  a  chain  of  them  is  formed  along 
the  whole  crest  of  the  Sierra  to  its  southern  end.  This  oonstitates  a 
peculiar  and  interesting  feature  of  these  mountains,  and  shows  the 
great  amount  of  precipitation  on  their  summits. 

The  passes  through  these  mountains  generally  follow  the  plateaux, 
and  either  turn  the  points  of  the  isolated  ridges,  or  cross  them  at  their 
lowest  point  We  find,  in  passing  southward  along  the  crest,  that  the 
elevation  of  these  plains  increases.  This  is  shown  by  the  obaom^ 
tions  of  those  who  have  searched  for  locations  for  a  wagon  road. 
Thus,  Carson's  Pass,  and  that  traversed  by  Fremont  in  1844,  are 
nearly  8,000  feet  high,  and  one,  from  Sonora  to  Walker's  Biver  is 
10,083  feet 

.  SUli  further  sooth,  the  chain  commences  a  deflection  to  the  west,  and 
here,  the  altitude  decreases.  The  peculiar  broken  character  is,  how- 
ever, preserved,  and  we  find  high  valleys  beautifully  wooded  with 
aaks  and  covered  with  grass.  Here  the  passes  vary  from  5,300  feel  to 
4,000  feet  in  elevation,  the  plains  being  about  8,500  feet  The  width 
of  the  rocky  outcrops  is  also  reduced  at  the  Tejon,  to  aboot  thirtaen 
miles,  and  the  ridges  do  not  attain  an  elevation  of  over  7,000  feet  It 
here  unites  with  the  transverse  chain,  the  Bernardino  Sierra,  and 
this  may  be  considered  its  southern  extremity,  its  northern  being  at 
the  end  of  the  Cascade  range.  It  thus  extends  over  a  distance  of 
about  &ve  hundred  and  seventy  miles,  and  has  the  average  tread  N. 
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27^  W.  Its  northern  portion  is  nearly  noHih  and  eouth ;  its  central 
N.  80^  to  B5^  W. ;  and  its  soathem  end  has  a  remarkable  bend  to  the 
south-west.  We  here  have  a  north-east  trend,  almost  the  only  exam- 
ple west  of  the  Guadalupe  Mountains. 

The  next  range,  the  Bernardino  Sierra,  or  the  southern  exten- 
sion of  the  Sierra  Nevada,  has  an  entirely  difPerent  direction,  and 
makes  a  sudden  and  remarkable  deflection  to  the  south-east.  Indeed, 
its  trend  is  N.  76^  W.,  nearly  transverse  to  the  Sierra  Nevada.  It  is 
nearly  parallel  with  the  adjoining  coast,  having,  in  fact,  determined  its 
trend,  and  extends  from  the  vicinity  of  Point  Conception,  eastwardly 
to  the  high  peak  of  San  Bernardino.  It  forms  part  of  the  southern 
boundary  of  the  Great  Basin,  and  has  an  average  elevation  of  about 
6,000  feet,  its  highest  peak,  San  Bernardino,  being  probably  over 
8,000  feet  in  height. 

Passing  still  further  south  in  our  descriptions,  we  find  the  chain 
again  changing  its  direction  at  the  San  Bernardino,  or  San  GorgoHo 
Pass.  From  this  point  southward,  high  ridges  extend  uninterruptedly 
to  and  beyond  the  boundary  line,  and  indeed  are  found  throughout 
the  whole  length  of  the  California  Peninsula.  I  have  described 
these  mountains  under  the  name  of  Peninsula  Sierra.  The  northern 
portion  of  the  chain,  within  the  limits  of  the  State  of  California, 
appears  to  trend  nearly  north  and  south,  (to  the  observer  who  stands 
in  the  valley  of  San  Bernardino,)  but  in  reality,  it  deflects  westward, 
and  the  main  direction  may  be  considered  N.  23^  W.,  to  N.  30^  W. 
for  the  whole  length.  The  peak  of  San  Grorgoiio,  the  highest  peak 
north  of  the  boundary,  is  probably  7,500  feet  in  elevation. 

The  Coast  Mountains  of  California  are  included  in  this  group.  They 
consist  of  many  parallel  ranges  inclosing  large  and  fertile  valleys,  and 
thus  form  a  broad  belt  of  mountains  along  the  coast.  The  ranges 
south  of  the  Golden  Gate  are  known  under  many  local  names;  as,  for 
example,  San  Bruno  range,  Santa  Cruz  range,  Gabilan  range,  and 
Sierra  Santa  Lucia.  The  topography  of  that  region  is  not  yet  accu- 
rately known,  and  definite  and  detailed  descriptions  cannot  now  be 
given.  It  is  probable  that  these  ranges  do  not  average  over  3,000  or 
4,000  feet  in  elevation.  Monte  Diablo,  the  highest  peak,  near  San 
Francisco^  is  about  4,000  feet  high.  North  of  the  Golden  Gate,  the 
mountains  are  higher,  and  occupy  a  greater  area  horn  east  to  west. 
The  general  trend  of  the  ranges  is  north-westerly. 
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We  are  yet  without  sufficient  data  to  enable  us  to  fi>na  a  just  esti- 
mate of  the  average  elevation  of  the  great  chain  which  forms  the  sec- 
ond group,  but  the  height  of  many  of  the  passes  is  given  in  the  annfTfd 
table. 

TABLE   OF   PASSES   IN  THE   CALIFORNIAK   CHAIX. 


Pms. 

Bange. 

AltitDde. 

Aathoci^. 

Yakima. 

Cascade. 

3,467 

Stevena. 

Naches. 

« 

5,000 

tt 

Snoqaalme. 

« 

3,500 

tt 

Columbia  Riyer. 

« 

Madetin. 

Sierra  Nevada. 

5,667 

Beckwidu 

Nobles. 

(1              a 

6,346 

1 

Johnsonf. 

M               « 

6,752 

Goddud.     1 

Da«getto. 

i<              i( 

6,824 

tt 

Canon  (Fremonts  1). 

tt             u 

7,972 

« 

West. 

II              If 

9,036 

«            1 

Walker's  River  to  ) 
Sonora,               ) 

tt             it 

10,133 

1 

Walkers. 

<i              « 

5,300 

WUliamMB.) 

Tahechaypah. 

«              tt 

4,000 

« 

Hampahjwnap. 

tt             tt 

5,351 

i 

Tejon. 

tt             tt 

5,364 

c< 

CaSada  de  las  Uvas. 

tt             tt 

4,256 

u 

Williamsons. 

Bernardino. 

3,164 

tt 

San  Frandsqaito. 

tt 

3,440 

tt 

Cajon. 

tt 

4,676 

t* 

San  Bernardino  or ) 
San  Gorgofio.         ) 

Feninsnla. 

2,808 

t€ 

Warners. 

fi 

3,780 

«< 

THIRD   GROUP. 

The  mountains  which  are  classed  in  the  third  group  do  not  finnn 
one  long  and  continuous  chain,  as  in  the  first  and  second.  The  ranges 
are  exceedingly  numerous,  and  are  ranged  in  parallel  lines  with  a  gen- 
eral north  and  south  direction  over  a  broad  area.  As  a  group,  thej 
are  most  readily  considered  in  their  succession  from  east  to  west  rather 
than  from  north  to  south. 

Along  and  near  the  parallel  of  41^  the  most  prominent  or  principal 
range  is  known  as  the  Wahsatch  Mountains.  These  mountains  rise  on 
the  eastern  side  of  the  Great  Salt  Lake,  and  extend  towards  the  sontii, 
forming  the  eastern  rim  of  the  Great  BasiOi  Between  this  range  and 
the  Sierra  Nevada,  there  is  a  constant  succession  of  ridges,  which  are 
short  and  much  broken,  but  are  arranged  in  parallel  lines,  and  gener- 
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ally  trend  north  and  soath.  Their  altitade  varies  from  1^00  to  8,000 
feet  above  the  general  surface  of  the  basin.  This  general  surface  or 
snccession  of  slopes  and  valleys  between  the  ranges,  along  the  parallel 
of  41^,  has  an  average  elevation  of  4,500  feet  There  is  one  great 
swell  of  the  surface  about  midway  between  the  lake  and  the  Sierra, 
which  is  produced  by  the  Humboldt  Mountains,  the  principal  range  of 
the  basin.  It  reaches  an  altitude  of  nine  or  ten  thousand  feet,  or  two 
to  three  thousand  feet  above  the  plain,  and  the  summit  of  the  principal 
pass  through  it  is  6,579  feet  above  the  sea.  The  range,  so  far  as 
known,  extends  from  the  Snake  River  on  the  north  to  the  parallel  of 
40^,  but  is  probably  continued  farther  south,  and  is  nearly  in  a  line 
with  the  Pai-Ute  range  separating  the  Colorado  from  the  Great 
Basin  farther  south. 

On  a  line  westward  from  Santa  F^  or  Albuquerque,  near  the  paral- 
lel of  35^,  we  also  find  in  succession,  the  Mogoyon,  Aztec,  Aquarius, 
Gerbat,  Ak-mok-ha-bi,  and  the  Pai-Ute  ranges.  They  are  all  nearly 
parallel,  and  have  a  north-westerly  trend.  The  Mogoyon  range  exhibits 
the  greatest  departure  from  parallelism,  apparently  trending  in  its  south- 
em  portion  towards  the  east  and  uniting  with  the  ranges  of  the  first 
group,  along  the  Bio  Grande.  The  Aztec  range  appears  to  be  contin- 
uous southward,  from  near  the  Colorado,  to  and  beyond  the  Gila  to  the 
Mexican  line.  The  Aquarius  and  Cerbat  ranges  also  appear  to  com- 
mence near  the  Colorado,  and  extend  to  the  Gila.  The  Pai-Ute  range 
is  composed  of  many  minor  ridges,  which  form  a  part  of  the  wall  of 
separation  between  the  Great  Basin  and  the  Colorada  This  range  is 
connected  with  the  short  isolated  ridges  and  ranges  of  the  Great 
Basin.  Still  west  of  the  Pai-Ute  Mountains,  there  is  a  succession  of 
mountain  ridges  forming  a  range  bordering  the  Colorado  Desert  on 
the  east.  It  appears  to  trend  south-easterly  across  the  Colorado  and 
Gila  near  their  confluence. 

It  is  most  probable  that  all  these  ranges  are  connected  with,  or  are 
in  the  line  of  prolongation  of,  the  principal  ranges  at  the  north  already 
noticed.  Thus,  the  Humboldt  Mountains  probably  find  their  southern 
eentmuation  in  the  Pai-Ute  range,  and  the  Wahsatch  in  the  Mogoyon. 
It  is,  however,  possible  that  the  southern  end  of  the  Wahsatch  range 
trends  towaris  the  west,  conforming  to  the  curvature  of  the  Colorado, 
and  similarly  to  the  southern  end  of  the  Sierra  Nevada. 

This  general  notice  of  the  ranges  includes  only  the  most  prominent 
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or  well-known  lines  of  elevation.    An  idea  of  their  relataons  and  gat- 
eral  direction  will  be  best  obtained  bj  reference  to  the  map. 

TABLE   SHOWING  THE   ELEVATION    AND    POSITION     OP   THE   PBINCI- 
PAL   PASSES   IN   THE   BANGES    OF   THE   THIBD    GBOUP. 


P«M. 

Bange. 

Xlemtloa. 

Aathotl^. 

Pah-o-tom  Moontains, ) 

(First  ranse  west  of  > 
Salt  Lake).              ) 

6,364 

Beckwith. 

Granite  Mountains. 

4,666 

tt 

Pi-ja-io-ja4>i. 

5,076 

*€ 

GoBhoot. 

Goshoot. 

6,992 

tt 

Warro-ja. 

6,726 

«< 

Humboldt 

HumboldL 

6,579 

€t 

Agate. 

Quartz  Mountains. 

5,441 

«< 

Pond  Mountains. 

4,646 

tt 

West  Humboldt 

4,141 

tt 

Cold  Spring. 

5,473 

tt 

Fanes  aronnd  the  Mad 
Lakes.                       ) 

Black  Rock  BaDge8.| 

4,079 

to 
5,473 

tt 

Uintah. 

Uintah. 

8,373 

Gannisoa. 

Wahsatch  Gap. 

W^ahsatch. 

7,820 

tt 

Ahmokhabi. 

Pai-Uto. 

5,262 

Whq>p]e. 

San  Fraadsco. 

Mogoyon. 

7,472 

«« 

Aztec. 

Aztec. 

6,281 

«« 

ElDado. 

5,183 

tt 

Having  now  described  the  prominent  orographic  features  of  each 
group,  and  shown  that  the  first  and  the  second  indude  great  chains 
which  are  geographically  distinct,  I  propose  distinctive  names  fer  them 
by  which  thej  may  be  conviBnientlj  known  in  descriptions,  and  whidi 
will  not  conflict  with  the  names  now  applied  to  any  portions  of  th^n. 

For  the  first  group,  it  may  be  said  that  the  name  Bocky  Moantains 
is  already  well  known  and  sufficient  for  the  whole  chain  which  I  have 
described.  But  this  is  a  local  name,  and  pertains  to  a  small  portiOD 
only  of  the  great  chain, — a  portion  north  of  the  parallel  of  46^.  The 
ranges  further  south  were  known  by  other  names  long  before  the 
name  Rochy  Mountains  came  into  use ;  and  being  then  within  the  limits 
of  Mexico,  received  Spanish  names,  by  which  they  are  now  knows. 
Moreover,  the  great  chain  extends  down  into  Mexico^  and  north  to 
the  Arctic  Sea  or  from  one  end  of  the  continent  to  the  other.  As  it 
may  be  said  to  commence  in  the  south,  where  it  forms  nearly  the  whde 
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of  the  great  table-land  of  Mexico,  or  Anahuac^  I  propose  to  call  it  the 
Anahuachum  Chain. 

For  the  second  great  chain  which  traverses  the  two  Califomias,  it  is 
thought  that  a  more  appropriate  name  than  CdUfomxan  Chain  cannot 
be  found.  It  might  with  great  propriety  be  called  the  Aurian  Chain 
or  VolunMan  Chain^  both  of  these  names  having  been  considered,  but 
relinquished  in  favor  of  the  former,  the  only  objection  to  which,  that 
occurs  to  me,  being  the  danger  of  regarding  the  chain  as  confined  to 
the  limits  of  the  Californias,  while  the  name  is  intended  to  include  the 
Cascade  ranges  and  their  northern  prolongations. 

For  the  mountains  of  the  third  group,  I  suggest  the  use  of  the  gen- 
eral appellation  Aztecian  Chains  or  Great  Basin  Chains^  until  further 
explorations  shall  show  us  their  relations  with  more  detail,  and  permit 
more  definite  divisions  to  be  made. 

These  names  harmonize  with  the  elegant  general  title  proposed  for 
the  AUeghanies  and  their  extensions  by  the  Messrs.  Bogers ;  a  name 
which  has  now  passed  into  general  use,  and  the  utility  of  which  is 
abundantly  proved. 

The  two  great  chains  are  each  about  1,500  miles  in  length,  within 
the  territory  of  the  United  States,  but  the  Califomian  chain  extends 
along  the  peninsula  800  miles  further  south,  and  the  Anahuachian 
becomes  the  table-land  of  Mexico.  We  find  that  the  greatest  breadth 
of  surfiftce  covered  by  the  chains  is  along  the  parallel  of  40^  from  long. 
105^  W  to  124^  or  about  1,200  miles.  This,  however,  includes  the 
elevated  table-land  at  the  sources  of  the  Colorado.  It  will  be  seen 
by  the  mi^  that  the  breadth  decreases  towards  the  north  and  the  south. 

In  comparing  these  great  chains  together,  we  are  at  first  struck  by 
the  general  and  close  parallelism  which  they  exhibit  throughout. 
Even  the  inequalities  or  defiections  in  the  course  of  one  chain  find 
their  counterpart  in  the  others ;  as,  for  example,  the  east  and  west 
trend  in  the  Galifoniian  chain  at  the  Bernardino  Sierra  finds  a  paral- 
lelism in  the  deflection  of  the  Anahuachian  chain,  of  which  the  Wind 
Biver  Mountains  are  a  part.  So,  also,  the  peculiar  soath-westem 
bend  of  the  southern  end  of  the  Sierra  Nevada,  has,  to  all  appearance, 
a  counterpart  in  the  deflection  of  the  southern  end  of  the  Wahsatch 
Mountains  along  the  Colorado  Biver. 

These  great  deflections  firom  the  general  course  of  the  chains,  and 
especially  the  great  and  sudden  bends  to  the  west,  are  peculiar  and 
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interestiogfeatares,  and  are  rendered  more  60  bj  their  paraHelimn,  and 
the  probabilitj  that  thej  result  from  the  same  cause. 

The  parallelism  of  the  coast  line  with  the  mountains  10  also  interest- 
ing from  its  dose  conformity,  showing  that,  in  general,  the  shores  are 
rocky,  the  coast  line  being  principally  formed  by  erosion  and  not  by 
deposiUon,  as  may  be  said  of  our  Atlantic  seaboard.  We  may,  also, 
infer  the  existence  of  strong  coast  currents,  which  carry  away  the  loose 
debris  of  the  rocks  beaten  down  and  ground  together  by  the  waves. 

It  is  an  interesting  fact,  that  the  most  open  and  lowest  passes  in  the 
chains,  in  other  words,  the  greatest  and  most  decided  breaks  are  formed 
at  the  angles  or  points  where  the  greatest  deflections  or  bending  of  the 
chains  commence.  The  South  Pass  between  the  Wind  River  and  the 
Medicine  Bow  Mountains,  and  the  Pass  of  San  Gorgono  or  Sui 
Bernardino,  and  the  low  passes  of  the  Tejon  and  Canada  de  las  Uvas 
are  examples. 

One  of  the  most  important  characteristics  presented  by  the  moun- 
tains is  the  number  of  ridges  or  ranges  which  unitedly  form  the  great 
chams.  This  is  best  seen  in  the  mountains  of  the  Great  Basin  and  id 
the  Califomian  chain,  although  it  is  strikingly  evident  in  the  Anahna- 
chian  chain.  These  ridges  are  not  ranged  side  by  side,  bat  a  general 
and  prevailing  overlapping  position  may  be  observed.  Thus  each  range 
in  succession  is  found  to  extend  beyond  the  other.  This  overlapping 
character,  or  distribution  en  echehn^  is  not  a  new  feature  in  the  oompo* 
sition  of  mountain  chains,  but  is  found  in  the  Appalachians,  and  is  one 
of  the  results  of  the  earth's  contraction,  which  according  to  the  theory 
advanced  by  several  geologists,  and  ably  sustained  in  this  ooontEj  by 
Prof.  Dana,  is  the  cause  of  the  great  plications  of  the  crasL  The 
overlapping  is  very  clearly  shown  in  the  Coast  Mountains  of  Califbmia, 
where  the  ranges  reach  the  coast  successively  from  the  south  north* 
'  ward.  The  Bay  of  Monterey  is  included  between  the  end  of  the  pro- 
jection of  one  ridge  into  the  ocean  at  Point  Pinos,  and  the  side  of 
another  which  ends  much  farther  north.  The  same  character  is  seen 
in  the  mountains  along  the  Gila  River,  in  the  Great  Basin,  and  at 
many  other  places.  It  will  be  observed  that  this  character  is  not  coo* 
fined  to  the  minor  ridges  or  ranges,  it  extends  to  8<»ne  of  the  impoitaut 
ranges,  they  being  found  to  sustain  a  similar  relation  to  each  other. 

This  parallelism  and  overlapping  of  the  ridges  reveals  to  us  the  fact, 
that  the  rocks  of  that  region  are  folded  and  crumpled  together  as  in 
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the  Appalachians,  and  that  similar  forces  have  been  exerted  on  them 
upon  a  much  more  grand  scale.  Instead  of  one  chain  we  have  sev- 
eral, each  rivalling  the  AUeghanies  in  extent  and  altitude.  The  phe- 
nomena of  plication  are  not  only  indicated  by  the  topography,  but  have 
been  observed  in  the  Sierra  Nevada  and  Coast  Mountains  of  the  Cali- 
fornian  chain.    They  are,  also,  found  in  the  chains  of  the  Great  Basin. 

We  cannot  contemplate  the  peculiar  relations  of  the  principal  chains, 
as  exhibited  on  the  map,  without  recognizing  the  result  of  the  action  of 
two  opposing  forces. 

If  we  conceive  the  principal  lines  of  flexure  to  be  meridional,  north 
and  south,  the  folding  may  be  referred  to  a  force  or  contraction  acting 
in  east  and  west  lines,  and  this  may  be  termed  the  equatorial  contrac- 
tion. The  trends  of  the  ranges  show,  also,  the  action  of  force  in  an- 
other direction ;  or  from  north  to  south,  a  polar  contraction,  to  which 
the  sudden  bends  in  the  long  chains  of  mountains  may  be  referred. 

These  bends  have  already  been  noticed,  but  may  again  be  enumerated. 
They  are  found  in  the  Sierra  Nevada,  east  of  the  Bay  of  San  Fran- 
cisco, in  its  southern  portion^  where  it  curves  gradually  round  to  the 
south-west ;  and  in  the  Bernardino  Sierra  trending  at  nearly  right 
angles  to  the  Sierra  Nevada.  Parallel  deflections  are  found  in  the 
Anahuachian  chain  in  the  Wind  River  range,  and  again  they  are  seen 
in  the  Washatch  range  of  the  Great  Basin  chains.  Thus  all  the  long 
chains  are  bent  as  if  by  compression  upon  the  ends,  and  the  action  of 
force  exerted  at  right  angles  to  the  force  which  has  produced  the  pre- 
vailing meridional  folding  is  clearly  indicated.  It  is  most  probable 
that  this  force  has  acted  in  north  and  south  lines,  and  we  may  term  it 
the  Polar  force  or  contraction.  The  overlapping  of  the  ridges  and 
ranges  is  another  evidence  of  this  polar  contraction.  We  may,  also, 
refer  the  great  north-west  and  north-east  trends  to  the  interference  of 
this  polar  force  or  resistance  with  the  equatorial  contraction,  the  diag- 
onal trends  being  the  resultants  of  the  two  forces.  This  train  of  thought 
leads  to  interesting  speculations  concerning  the  gradual  cooling  and  con- 
traction of  the  crust  of  the  earth,  but  it  is  not  my  intention  to  follow 
out  the  subject  at  this  time. 

I  have  thus  endeavored  to  present  a  connected  view  of  the  principal 
mountain  chains,  and  some  of  the  conclusions  which  we  may  draw  from 
a  study  of  their  relations  now  that  we  have  the  principal  chains  placed 
with  approximate  correctness  on  our  maps.    We  may,  also,  conclude 

(12) 


134  ITATUBAL  BISTORT. 

that  there  is  not  a  region  where  the  great  dynamics  of  the  earth  are 
recorded  on  a  scale  of  greater  simplicity  and  grandeur  than  in  our  owb 
land  between  the  Mississippi  and  the  Pacific 


11.  General  Description  of  the  Country  adjacent  to  the 
Boundary  between  the  United  States  and  MEjaoa 
By  Col.  W.  H.  Emory. 

The  boundary  between  the  United  States  and  Mexico  extends 
entirely  across  the  continent  from  ocean  to  ocean.  That  portion  of  it 
which  is  formed  by  the  Rio  Bravo,  below  the  mouth  of  the  San  Pedro 
or  Devil's  River  of  Texas,  makes  a  boundary  which,  in  the  absence  of 
extradition  laws,  must  always  be  a  source  of  controversy  between  the 
United  States  and  Mexico. 

In  other  respects  the  boundary  is  a  good  one ;  and  if  the  United 
States  is  determined  to  resist  what  appears  to  me  the  inevitable  e^pan* 
sive  force  of  her  institutions  and  people,  and  set  limits  to  her  territory 
before  reaching  the  Isthmus  of  Darien,  no  line  traversing  the  oonti- 
nent  could  probably  be  found  which  is  better  suited  to  the  purpose. 

In  this  respect  it  is  fortunate  that  two  nations  which  differ  so  much 
in  laws,  religion,  customs,  and  physical  wants,  should  be  separated  bj 
lines  marking  great  features  in  physical  geography.  The  boundary  is 
embraced  in  the  zone  separating  the  tropical  from  the  temperate  and 
more  northern  regions.  Here  waters  unite,  some  of  which  are  far- 
nished  by  the  melting  of  northern  snows,  whilst  those  from  the  sooth 
are  supplied  from  mountains  watered  by  the  tropical  rains.  To  the 
north  of  this  zone  the  showers  of  the  tropics  cease  to  refresh  the  eaith ; 
and  within  it  all  the  flora  and  fauna  which  characterize  the  northern 
and  temperate  regions  almost  disappear,  and  are  not  entirely  supplanted 
by  those  of  the  tropics.  It  is,  indeed,  a  neutral  region,  having  pecoliar 
characteristics,  so  different  as  to  stamp  upon  vegetable  and  animal  life 
features  of  its  own. 

The  most  remarkable  and  apparent  difference  between  this  itguuL 
and  those  of  the  States  of  the  Union  generally,  and  that  which  perhaps 
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(sreates  as  much  as  any  other  one  cause  the  difference  in  its  botanical  and 
zoological  productions,  is  the  hygrometric  state  of  the  atmosphere.  For 
while  the  plants  and  animals  assume  new  forms  in  life,  the  crust  of  the 
earth,  the  soil,  and  the  rocks,  are  everywhere  familiar  and  have  many 
types,  indeed  fac-similes,  over  the  rest  of  the  American  continent.  It 
is  very  arid,  but  this  is,  also,  the  character  of  all  the  country  north  of 
the  txopics,  and  west  of  the  100^  meridian  of  longitude,  until  you  reach 
the  last  slope  to  the  Pacific,  a  narrow  belt  seldom  exceeding  two  hun- 
dred miles  in  width,  and  sometimes  not  more  than  ten.  The  zone 
extending  from  the  Gulf  of  Mexico  to  the  Pacific,  embracing  the  boun- 
dary, contains  a  large  proportion  of  arid  lands,  yet  this  dry  region  is, 
perhaps,  narrower  on  the  line  of  the  boundary  than  on  any  portion  of 
the  continent  north  of  it  within  the  limits  of  the  United  States,  and  is 
occasionally  refreshed  by  showers  in  the  summer  season,  and  so  far 
presents  an  advantage  over  the  arid  belt  to  the  north. 

A  general  description  of  the  topographical  features  of  the  country 
along  the  boundary  between  the  United  States  and  Mexico  (traversing 
the  whole  breadth  of  the  continent)  cannot  be  made  comprehensive  with- 
out presenting  in  the  same  view  the  great  outline  of  the  continent  itself. 

It  is  well  known,  the  most  extensive  feature  in  the  continent  is  the 
plateau,  or  table-land,  which  traverses  this  country  from  the  unexplored 
region  of  the  north,  to  its  southernmost  extremity,  ranging  in  width 
from  five  miles  to  one  thousand,  attaining  its  greatest  elevation  in  the 
Andes  of  South  America ;  its  least  elevation  and  breadth  on  the  Isth- 
mus of  Panama  and  in  Central  America,  and  its  greatest  breadth  about 
the  parallel  of  thirty-eight  degrees  north  latitude.  On  the  northern 
portion  of  the  continent  this  plateau  attains  its  greatest  height  in  Mex- 
ico, where  it  is  ten  thousand  feet  above  the  level  of  the  sea.  Its  lowest 
depression  is  along  the  line  of  boundary,  about  the  parallel  of  thirty- 
two  degrees  north  latitude,  where  it  is  about  four  thousand  feet  above 
the  sea.  Thence,  it  ascends  again  and  preserves  an  elevation  ranging 
from  seven  to  eight  thousand  feet,  to  near  the  forty-ninth  parallel, 
where  it  is  again  depressed.  This  plateau,  both  in  North  and  South 
America,  occupies  the  western  side  of  the  continent,  and  is  traversed 
by  ranges  of  mountains,  the  highest  peak  of  which  in  North  America 
is  Mount  Ellas,  seventeen  thousand  feet  above  the  sea ;  and  in  South 
America  is  Mount  Aconcagua,  21,500  feet  above  the  sea.  The  cli- 
matic feature  in  this  plateau,  within  the  United  States,  is  excessive 
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dryness,  and  great  changes  in  temperature  between  day  and  night, 
oflen  as  much  as  sixty-five  degrees  of  Fahrenheit. 

The  principal  ranges  of  these  mountains  in  North  America,  namiog 
them  in  the  order  of  their  proximity  to  the  coast  of  the  Pacific  Ocean, 
are  first,  the  Cordilleras  of  California  and  Oregon,  or  the  coast  range  of 
mountains  ;  second,  the  Sierra  Nevada  (which,  as  its  name  denotes,  is 
a  ridge  of  mountains  and  craggy  rocks  covered  with  snow)  ;  third,  the 
Sierra  Madre,  another  range  of  mountains  which  were  supposed  to 
separate  the  water  flowing  into  the  two  oceans ;  and  fourth,  the  Body 
Mountains. 

The  idea  conveyed  by  the  name.  Sierra  Madre,  is  very  generally 
adopted  by  the  Mexicans,  yet  I  doubt  very  much  if  any  continuous 
ridge  or  chain  of  mountains  can  be  found  which  separates  the  waters 
flowing  into  the  Pacific  from  those  flowing  into  the  Atlantic.  I  am,  also, 
quite  well  satisfied  that  the  mountains  known  as  Sierra  Madre  in  New 
Mexico  are  not  the  same  range  as  those  known  by  that  name  in  Chi- 
huahua and  Sonora,  and  that  both  are  distinct  from  the  range  west  and 
south  of  Monterey,  of  the  same  name ;  but  the  coast  range,  the  Siena 
Nevada  and  the  Rocky  Mountains,  preserve  a  very  considerable  conti- 
nuity throughout  the  limits  of  the  United  States.  The  coast  range  follows 
the  generally  north-west  direction  of  the  beach  of  the  Pacific  ootft, 
and  for  a  very  considerable  distance  rises  abruptly  from  the  sea. 
Along  the  whole  coast  it  is  in  view  of  the  navigator,  presenting  an  im- 
posing and  ever-changing  panorama.  It  may  be  said  to  terminate  at 
Cape  San  Lucas,  the  southern  extremity  of  Lower  California. 

It  is  the  slope  towards  the  sea  of  this  range  of  mountains,  which 
forms  the  western  border  of  the  arid  region,  and  is,  in  my  opinion,  the 
only  "Continuous  agricultural  country  west  of  the  one  hundredth  merid- 
ian. There  are  many  detached  valleys  and  basins  affording  faciliUes  for 
irrigation  where  the  cereals,  the  vine  and  all  the  plants  which  condoce 
to  the  comfort  of  man,  are  produced  luxuriantly  ;  but  they  form  the 
exception  rather  than  the  general  rule,  and  are  separated  by  arid  plains 
or  mountains. 

The  Sierra  Nevada,  the  Cascade  range,  and  the  Rocky  Mountain 
ranges,  preserve  a  general  parallelism  to  each  other,  and  to  that  of  the 
coast  range ;  and,  to  use  a  military  term,  are  mostly  developed  » 
echelon.  Commencing  at  the  north  they  can  be  traced  continuous!/ 
until  we  reach  to  within   a  few  degrees  of  latitude  of  the  region 
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of  the  boundary,  where  occurs  in  all  except  the  ceast  range  the 
remarkable  depression  in  the  continent,  or  rather  absence  in  the  con^- 
tlnuitj  of  the  ranges  of  mountains  hereafter  to  be  described. 

The  Sierra  Nevada,  in  latitude  thirty-three  degrees  north,  branches ; 
one  great  division  uniting  with  the  coast  range  and  forming  the  elevated 
promontory  of  Lower  California,  and  presenting,  when  figured  on  the 
map,  the  appearance  of  the  letter  T  (Tulare  valley  resting  in  the  fork 
of  the  letter)  ;  other  branches  or  spurs  are  thrown  off  in  a  south-east 
direction,  crossing  the  Gila  at  the  mouth  and  many  miles  above,  and 
traversing  the  newly  acquired  territory  in  the  meridian  of  Santa  Cruz 
and  Tucson.  That  range,  together  with  the  Sierra  Madre  and  the 
Bocky  Mountains,  about  the  parallel  of  thirty-two  degrees,  lose  their 
continuous  character,  and  assume  what  are  graphically  described  in 
the  western  country  as  lost  mountains,  that  is  to  say,  mountains  which 
have  no  apparent  connection  with  each  other.  They  preserve,  how- 
ever, their  general  direction,  north-west  and  south-east,  showing  that 
the  upheaving  power  which  produced  them  was  the  same,  but  in  dimin- 
ished and  irregular  force.  They  rise  abruptly  from  the  plateau  and 
disappear  as  suddenly,  and  by  winding  around  the  bases  of  these  moun- 
tains it  is  possible  to  pass  through  the  mountain  system  in  this  region, 
near  the  parallel  of  thirty-two  degrees,  almost  on  the  level  of  the  pla- 
teau. So  that  if  the  sea  were  to  rise  four  thousand  feet  above  its  pres- 
ent level,  the  navigator  could  cross  the  continent  near  the  thirty-second 
parallel  of  latitude.  He  would  be  in  soundings  of  uniform  depth  from 
the  Gulf  of  California  to  the  Pecos  River.  He  would  see  to  the  north 
and  to  the  south  prominent  peaks  and  sierras,  and  at  times  his  passage 
would  be  narrow  and  intricate.  At  £1  Paso  he  would  be  within  gun-^ 
flhot  of  both  shores. 

Passing  to  the  south  of  this  parallel,  in  about  that  of  thirty-one 
degrees,  we  find  the  plateau  rising  rapidly  to  the  table-lands  of  Mexico ; 
the  ranges  above  described  are  no  longer  traceable,  and  the  plateau 
gives  evidence  of  having  been  disturbed  by  tremendous  plutonic  forces, 
and  the  mountains  assume  a  loftier  and  more  rugged  and  diversified 
appearance.  As  I  have  said  before,  the  Sierra  Madre  range  of  moun- 
tains cannot  be  traced  distinctly  with  our  present  information.  The 
Bocky  Mountains  near  the  head-waters  of  the  Rio  Bravo  throw  off 
spurs  which  add  to  the  confusion,  and  makes  it  difficult  to  separate  thl* 
range  finom  that  called  in  New  Mexico  the  Sierra  Madre.^ 

(12«) 
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It  may  be  a  <}ue8tion  whether  the  Rockj  Mountain  nmge  is  nol  di- 
vided by  the  Rio  Bravo ;  and  if  so,  that  which  I  have  designated  as 
the  Sierra  Madre  of  New  Mexico,  will  in  that  case  become  a  spur  of 
the  Rocky  Mountains.  The  geological  formations  to  which  I  shall 
presently  refer,  seem  to  favor  this  h3rpothesis.  If  that  hypothesis  be 
true,  the  Sierra  Madre  of  New  Mexico  and  the  Rocky  Mountain 
system  are  the  same,  and  are  only  divided  by  the  Rio  Bravo.  Bat 
this  is  a  question  which  does  not  affect  the  general  topographical 
description  of  the  country,  and  may  be  disregarded  here.  What  I 
have  described,  refers  more  particularly  to  the  country  west  of  the 
Rio  Bravo  del  Norte. 

The  Rocky  Mountain  system  commencing  in  the  north,  beyond  the 
source  of  this  river,  and  beyond  the  limits  of  the  49th  degree  of  north 
latitude,  is  the  distinguishing  feature  of  the  country  east  of  that  river, 
until  we  reach  the  great  plains  lying  between  the  base  of  those  moun- 
tains and  the  valley  of  the  Mississippi.  The  axis  of  maximum  eleva- 
tion preserves  a  general  parallelism  to  the  Sierra  Nevada  range.  Its 
principal  chain,  afler  passing  the  36th  parallel  of  latitude,  becomes  less 
elevated,  and  finally  terminates  in  the  Organ  Mountains,  near  £1  Paso, 
reappearing  again  to  the  south  and  east,  and  becoming  at  last  merged 
with  the  great  mountain  masses  in  Mexico. 

Another  branch  of  these  mountains  diverges  about  the  head  of  the 
Pecos,  and  running  south,  with  unequal  elevation,  crosses  the  Rio 
Bravo,  between  the  102d  and  106th  meridian  of  longitude,  forming 
the  great  bend  in  that  river,  and  producing  one  of  the  most  remarkable 
features  on  the  face  of  the  globe,  —  that  of  a  river  traversing  at  an  ob- 
lique angle  a  chain  of  lofty  mountains,  and  making  through  these,  on 
a  gigantic  scale,  what  is  called  in  Spanish  America,  a  canon ;  that  is,  a 
river  hemmed  in  by  vertical  walls.  These  mountains,  to  the  south  of 
the  river,  expand  in  width  and  height,  attaining  a  great  elevation  in 
the  neighborhood  of  Monterey,  Saltillo,  and  Buena  Vista,  and  from 
one  side  of  the  Bolson  de  Mapimi ;  and  it  is  my  impression  that  these 
mountains  are  identical  with  what  is  there  called,  in  Neuvo  Leon,  the 
Sierra  Madre. 

A  third,  but  subordinate  range,  branches  from  the  main  chain,  about 
the  same  parallel  as  that  last  described,  and  terminates  in  the  Uano 
Estacado,  or  the  Stake  Plains,  from  which  issues  the  Red  River,  and 
other  rivers  of  Texas.     From  the  foot  of  the  Llano  Estacado^  the 
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country  falls  sometimes  by  steps,  but  most  generally  by  gentle  slopes, 
to  the  shores  of  the  Gulf  of  Mexico ;  the  crust  only  broken  in  a  few 
places  by  the  washing  of  streams,  and  by  the  protrusion  of  igneous 
rocks.  This  igneous  protrusion,  composed  of  greenstone  or  basalt,  is 
traced  from  the  San  Saba  Mountain,  by  the  head  of  the  Leona,  to 
Santa  Rosa  in  Mexico,  where  it  unites  with  the  main  ridge  at  an 
angle  of  about  forty-five  degrees.  The  point  where  they  unite  is  rich 
in  silver  mines.  At  Santa  Rosa,  the  Spaniards  had  sunk  extensive 
shaAs,  and  made  a  tunnel  a  mile  and  a  half  in  length,  which  was  not 
then  complete,  when  the  revolution  of  1825  broke  out,  and  since  then, 
all  extensive  operations  have  been  suspended,  and  the  country,  rich  in 
minerals  and  in  the  production  of  the  cereals,  and  of  the  tropical 
plants,  has  been  a  prey  to  the  incursions  of  banditti  and  Indians. 

It  has  been  observed  that  these  metaliferous  rocks  generally  occur 
at  such  places  where  two  systems  unite,  or  where  some  unusual  dis- 
turbance or  change  in  the  geological  structure  takes  place.  Hence, 
we  may  expect  to  find  these  silver-bearing  rocks  along  the  boundary 
line,  where  the  upheaving  force  afler  passing  under  the  bed  of  the 
Gila  River  begins  again  to  reappear  to  the  south. 

The  remaining  mountain  feature  of  North  America,  the  Alleghany, 
is  referred  to  here  only  to  illustrate  by  comparison,  the  mountain  sys- 
tem of  the  western  part  of  the  continent.  That  chain,  grand  as  it  is, 
sinks  into  insignificance,  when  compared  to  those  which  I  have  attempt- 
ed to  describe.  It  is  nearly  at  right  angles  to  the  western  chain  of 
mountains,  is  less  elevated,  and  sheds  its  waters,  as  is  well  known,  clear 
on  both  sides ;  on  the  one  side  into  the  Atlantic,  and  on  the  other  into 
the  Mississippi  and  the  Gulf  of  Mexico.  On  both  sides,  the  slopes  are 
comparatively  gentle,  and  the  soil  fertile,  and,  refreshed  by  frequent 
showers,  yields  in  abundance  all  that  contributes  to  the  wants  of 
man  ;  and  on  the  western  side  of  this  slope,  between  it  and  the  desert 
border  of  the  Rocky  Mountains,  such  an  expanse  of  fertile  country 
exists,  as  can  be  found  in  one  body  nowhere  else  on  the  face  of  the 
globe,  producing  all  the  fruits  of  the  earth,  including  those  fbund  in 
every  zone,  from  the  boreal  regions  to  the  tropics.  Persons  who  are 
familiar  with  its  character,  as  most  who  read  this  memoir  will  be,  will 
scarcely  be  able  to  comprehend,  still  less  to  believe  the  character 
given  to  the  more  western  and  less  favored  regions  described  in  this 
report.    In  the  fanciful  and  exaggerated  description  given  by  many, 
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of  the  character  of  the  western  half  of  the  continent,  some  have  been, 
no  doabt,  influenced  by  a  desire  to  favor  particalar  routes  of  trayel  for 
the  emigrants  to  follow  ;  others,  by  a  desire  to  commend  themselves  to 
the  political  favor  of  those  interested  in  the  settlement  and  sale  of  the 
lands;  but  much  the  greater  portion,  by  estimating  the  soil  alone, 
which  is  generally  good,  without  giving  due  weight  to  the  infreqaencj 
of  rains,  or  the  absence  of  the  necessary  humidity  in  the  atmosphere 
to  produce  a  profitable  vegetation  ;  but  be  the  motive  what  it  may,  the 
influence  has  been  equally  unfortunate,  by  directing  legisladon,  and 
the  military  occupation  of  the  country,  as  if  it  were  susceptible  of  con- 
tinuous settlement  from  the  peaks  of  the  Alleghanies  to  the  shores  of 
the  Pacific. 

Between  the  two  most  distinctly  marked  ranges  of  mountaios  before 
described,  the  Rocky  Mountains  and  the  Sierra  Nevada,  a  succession  of 
minor  ranges  occur,  some  of  which  are  many  hundred  miles  in  extent, 
while  others  appear  like  isolated  mountains  rising  above  the  general 
level  of  the  plateau.  Most  of  them  preserve  a  general  system  of 
parallelism ;  others  present  their  lines  of  maximum  elevation,  forming 
very  considerable  angles  with  the  general  direction;  and  all,  when 
traced  upon  a  map,  exhibit  lines  varying  from  right  lines  to  eTeiy 
degree  of  curvature.  The  whole  system,  plateau  and  mountain,  seems 
to  have  been  produced  by  a  succession  of  forces  analogous  to  each 
other  in  direction,  but  differing  in  intensity  and  occurring  at  long  inter- 
vals. The  prevalence  of  granite  and  other  unstratified  rocks  through- 
out the  Sierra  Nevada,  suggest  the  probability  of  its  being  the  oldest 
range  of  mountains.  The  identity  of  its  rocks  generally  with  those  of 
the  Alleghany  Mountains,  mark  these  two  distinct  and  detached  chains 
as  probably  contemporaneous.  The  rocks  marking  these  mountains 
are  the  description  commonly  traversed  by  gold  and  copper  mines,  as 
is  the  case  in  Oregon,  California,  Virginia,  and  North  Carolina. 

Travelling  eastward  from  the  Pacific  along  the  bed  of  the  Gila,  we 
encountered  similar  rocks  in  a  chain  of  mountains  as  far  east  as  the 
Pimo  Village.  This  chain,  characterized  also  by  the  presence  of 
gneiss,  mica,  and  talcose  slate,  has  been  traced  as  far  south  as  the 
present  boundary,  where  it  crosses  the  Santa  Cruz  River,  between 
longitude  110^  and  111^;  and  in  that  neighborhood  we  saweferj- 
where  the  remains  of  gold  mines,  from  which  the  operators  had  been 
driven  by  the  Apaches. 


GBOORAPHT.  141 

* 

Pursuing  our  course  eastward,  along  the  boundary,  from  the  merid- 
ian of  111°,  we  cross  the  San  Pedro,  the  Guadalupe,  and  the  San 
Luis  range  of  mountains,  in  the  order  in  which  they  are  named,  the 
middle  range  being  chiefly  characterized  by  sienitic  aggregates,  gra- 
nitic lava,  and  immense  masses  of  conglomerate  or  breccia.  Precisely 
the  same  formation  is  found  in  the  canon  of  the  Gila,  some  distance 
to  the  north,  about  the  meridian  of  what  is  called  in  my  reconnoissance 
of  1846,  Disappointment  Creek.  And  no  doubt,  when  future  surveys 
shall  develop  a  more  minute  knowledge  of  the  physical  geography  of 
the  country,  each  of  these  ranges  of  mountains  will  find  their  equiva- 
lent to  the  north  and  to  the  south.  With  the  present  information,  I 
shall  not  even  attempt  to  connect  them  conjecturally. 

Hypothetical  geography  has  proceeded  far  enough  in  the  United 
States.  In  no  country  has  it  been  carried  to  so  great  an  extent,  or 
been  attended  with  more  disastrous  consequences.  This  pernicious 
system  was  commenced  under  the  eminent  auspices  of  Baron  Hum- 
boldt, who,  from  a  few  excursions  into  Mexico  attempted  to  figure  the 
whole  American  continent 

On  the  same  kind  of  unsubstantial  information,  maps  of  the  whole 
continent  have  been  produced,  and  engraved  in  the  highest  style  of  art, 
and  sent  forth  to  receive  the  patronage  of  Congress,  and  the  applause 
of  geographical  societies,  at  home  and  abroad ;  while  the  substantial 
contributors  to  accurate  geography  have  been  overlooked  and  for- 
gotten. 

The  San  Luis  range  of  mountains  rises  abruptly  from  the  plains  about 
three  leagues  north  of  the  parallel  31°  20',  and  as  they  run  south  assume 
by  far  the  most  formidable  appearance  of  any  range  on  that  parallel 
west  of  the  Rio  Grande.  They  are  called  in  Sonora  and  part  of 
Chihuahua,  the  Sierra  Madre  Mountains,  yet  they  do  not  fulfil  entirely 
the  conditions  implied  by  that  term,  for  I  am  informed  that  the  waters 
flowing  from  their  base  towards  the  Pacific  coast  often  take  their  rise 
to  the  east  of  these  mountains,  and  flowing  through  chasms  impassable 
for  men,  falling  down  the  western  slope  in  rapid  descent  producing 
sublime  and  picturesque  cascades. 

It  is  not  in  my  power  to  explore  this  range  to  the  south,  but  I  was 
informed  by  persons  worthy  of  confidence,  that  throughout  its  whole 
extent,  as  far  south  as  the  parallel  of  Mazatlan,  it  was  impassable  for 
wagons,  and  there  was  no  probability  of  ever  finding,  south  of  81°  20'  a 
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line  for  a  railway.  The  report  of  its  impracticabilitj  for  wagons  was 
confirmed  by  the  fact  that  the  camino  real  (highway)  established  by 
the  Spaniards  to  connect  Chihuahua  and  Guymas,  makea  a  great  cir- 
cuit, and  passes  to  the  north  of  31^  20",  and  within  what  is  now  the 
territory  of  the  United  States. 

This  stupendous  range  of  mountains,  which  drops  so  abruptly  a  few 
miles  north  of  the  boundary,  as  if  to  make  room  for  the  highway  which 
is  to  connect  the  Pacific  and  Atlantic  States,  no  doubt  reappears  to 
the  north  in  the  neighborhood  of  the  Gila,  but  our  information  is  not 
yet  sufficient  to  establish  the  connection.  I  am  quite  satisfied  of  one 
thing,  however,  its  equivalent  is  not  to  be  found  in  what  is  called  the 
Sierra  Madre  in  New  Mexico.  Pursuing  our  course  still  eastward, 
we  pass  over  wide  plains  bounded  by  detached  ranges  of  the  moun- 
tains, of  metamorphic  and  other  limetones,  associated  with  igneous 
rocks,  rich  in  silver  and  lead,  and  at  £1  Paso  we  encounter  the  western 
flank  of  the  third  great  mountain  chain,  the  Rocky  Mountains,  known 
in  that  particular  locality  as  the  Organ  Mountains,  and  at  intervals  of 
about  eighty  miles,  we  cross  two  other  ranges,  the  £agle  Spring  and 
the  Limpia  range  of  mountains.  These  three  chains  of  mountains  ap- 
pear to  be  spurs  of  the  Rocky  Mountains,  and  are  characterized  by 
the  presence  of  carboniferous  limestone,  greatly  disturbed  by  igneous 
protrusions  of  what  Professor  Hall  characterizes  as  of  ^  comparatively 
modem  origin."  And  throughout  this  whole  region,  the  carboniferous 
and  metamorphic  limestone  is  not  unfrequently  traversed  by  rick 
seams  of  argentiferous  lead  ore.  Between  the  San  Luis  range  and 
the  Organ  Mountains,  the  first  of  the  Rocky  Mountain  range,  the  met- 
amorphism  of  the  rocks  is  so  complete  and  the  irruptive  lines  so  fre- 
quent, and  their  protrusion  above  the  crust  of  the  earth  so  detached,  it 
is  impossible  to  say,  with  our  present  information,  where  the  one  begins 
or  the  other  ends,  or  whether  they  do  not  all  belong  to  the  same  sys- 
tem. It  is  between  these  two  ranges,  upon  the  banks  of  the  Janos 
River,  that  we  discover  the  first  evidences  of  that  vast  cretadous  forma- 
tion which  has  been  traced  from  the  108th  to  the  101st  meridian  of 
longitude,  and  as  far  north  as  the  great  Salt  Lake,  and  south  to  the 
25th  parallel  of  latitude.  The  western  limit  of  this  formation,  dis- 
covered by  the  boundary  survey,  is  the  basin  of  the  Janos  River  in 
Chihuahua ;  and  its  eastermost  limit,  San  Antonio  in  Texas.  How 
far  it  extends  north  and  south  has  never  been  ascertained,  but  it  has 
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been  traced  in  one  direction  as  far  as  the  big  Salt  Lake  of  Utah  Ter- 
ritory. Granite,  and  its  associated  gold-bearing  rocks  occur  sporadi- 
callj  throughout  the  Rocky  Mountain  chain  and  its  spurs,  but  the  dis- 
tinguishing feature,  in  an  economical  point  of  view,  is  the  prevalence 
of  carboniferous  limestone  with  which  is  found  associated  argentiferous 
galena.  Silver  mines  of  richness  have  been  discovered,  and  some  of 
them  worked  to  a  limited  extent  in  the  mountains  about  Tucson,  at 
Barrancos,  Presidio  del  Norte,  Wild  Rose  Pass,  in  the  Organ  Mountains, 
and  other  localities.  Gold  mines  have  been  worked  at  the  Calabasas 
on  the  Santa  Cruz  River,  and  in  the  mountains  of  New  Mexico  on  both 
sides  of  the  Rio  Bravo.  It  will  not  be  extravagant  to  predict  the 
discovery  of  many  localities  where  silver  mines  can  be  worked  to 
advantage  throughout  the  whole  region  where  carboniferous  limestone 
exists,  extending  on  the  line  of  boundary  from  the  great  bend  of  the 
Rio  Bravo,  in  Texas,  to  the  meridian  of  the  San  Luis  range.  Should 
this  conjecture  prove  true,  we  shall  have  there  in  abundance  the  only 
commodity  in  which  we  are  now  deficient,  and  for  which  we  are  at 
all  dependant  upon  any  other  country.  Another  argentiferous  region 
of  exceeding  richness,  and  I  think  one  wholly  disconnected  from  the 
other,  is  in  the  basin  west  of  the  Santa  Cruz  River,  between  that 
river  and  the  Gulf  of  California.  Yeins  of  metal  were  discovered 
interjected  through  a  coarse  sandstone. 

I  have  stated  that  the  eastern  portion  of  the  continent,  with  which  we 
are  familiar,  is  entirely  different  in  its  physical  geography  from  the 
western,  and  among  the  distinguishing  features  of  the  first  was  the 
Alleghany  chain  of  mountains,  which  sheds  its  waters  clear  from  the 
summit  to  the  ocean.  That  is  to  say,  water  once  above  the  surface 
at  any  point  continues  to  flow  in  that  position  until  it  reaches  tide 
water.  Between  the  two  great  chains  which  I  have  attempted  to  de- 
scribe, occupying  the  western  portion  of  the  continent,  there  are  other 
chains  of  mountains  so  numerous  that  it  is  impossible  to  describe  them 
by  word ;  some  are  continuous,  some  are  detached  ridges,  others  isola- 
ted peaks,  rising  from  the  plateau  almost  with  the  uniformity  and  sym- 
metrical proportions  of  artificial  structures.  Between  them  are  found 
basins  which  have  no  outlets  to  the  ocean,  but  are  the  receptacles  of 
the  drainings  of  the  surrounding  waternsheds.  Of  these  the  most  exten- 
sive is  the  Great  Salt  Lake,  in  Utah  Territory ;  and  the  most  remark- 
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able  for  its  historical  associations  and  present  importance,  is  the  yaUej 
of  the  Citj  of  Mexico. 

This  succession  of  basins  forms  a  prominent  feature  in  the  Geog- 
raphy of  North  America,  extending  two  thirds  the  length  of  it  and 
quite  one  third  the  breadth  of  it  They  belong  to  what  has  been  appro- 
priately designated  as  the  basin  system  of  North  America.  Those  foand 
near  the  boundary  are  Santa  Maria,  Guzman,  and  Jaqui,  all  to  the 
south  of  the  boundary  and  within  the  limits  of  Mexico.  The  first  e 
fed  by  the  waters  of  the  River  Santa  Maria,  which  runs  in  a  northern 
direction,  and  Guzman,  by  the  river  bearing  the  several  names,  Casas 
Grandes,  San  Miguel,  and  Janos,  the  general  course  of  which  is  abo 
from  the  south  to  the  north,  and  the  waters  of  Lake  Guzman  and  Lake 
Santa  Maria  are  said  to  unite  in  seasons  of  unusual  freshets.  The 
waters  of  the  Rio  Mimbres,  near  the  same  meridian  as  Lake  Guzman, 
which  take  their  rise  near  the  Santa  Rita  del  Cobre,  run  towards  that 
lake,  but  they  disappear  in  the  plain  to  the  north  of  the  boundary  be- 
fore reaching  it. 

The  waters  of  these  Lakes  or  inland  seas  are  brackish  at  all  times, 
but  in  seasons  of  drought,  which  last  two  thirds  of  the  year,  thej  be- 
come excessively  salt  and  wholly  unpalatable.  Their  shores  are  co?- 
ered  with  lacustrine  deposits,  and  are  usually  unsuited  to  caltivatioD. 
The  waters  of  these  vast  basins  are  not  all  locked  up  however  by  the 
mountains.  Three  great  rivers,  with  their  tributaries,  have  made 
their  way  in  different  directions  to  the  ocean,  cutting  in  their  passage 
gigantic  chasms  in  the  mountains ;  these  livers  are  the  Columbia,  the 
Colorado  of  the  west,  and  the  Rio  Bravo.  Another  river,  the  G3a, 
drains  this  plateau,  cutting  the  mountains  nearly  at  right  an^es,  which 
although  a  tributary  of  the  Colorado,  joins  it  near  its  mouth,  and  at  an 
elevation  so  little  above  the  sea  that  it  may  in  a  general  descriptioo, 
be  considered  a  separate  and  independent  drainage. 

Another  feature  of  this  basin  system  remains  to  be  described,  which 
is  also  common  to  all  the  rest  of  the  inountain  regions  occupying  the 
plateau  and  the  region  lying  east  of  the  Rocky  Mountains. 

Between  the  ridges  of  mountains  the  traveller  occasionally  encoon- 
ters  vast  plains,  which,  when  the  sun  is  above  the  horizon,  produdi^ 
the  phenomena  of  mirage,  presents  to  him  all  the  appearance  of  the 
sea.    The  plain  bounds  the  view  and  the  line  of  the  horizon  is  broieo 
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into  waves,  resembling  in  appearance  the  edge  of  the  6alf  Stream 
when  seen  from  the  deck  of  a  vessel  ten  or  fifteen  miles  distant.  The 
plains  are  clothed  with  vegetation  of  a  scrubby  growth,  incapable  of 
affording  subsistence  to  any  but  a  class  of  small  animals,  such  as  ante- 
lopes, prairie  dogs,  and  rabbits ;  most  generally,  however,  in  the  south- 
em  part  of  the  United  States  these  plains  are  clothed  with  a  luxuriant 
growth  of  Grama,  the  most  nutritious  of  all  the  grasses.  Sometimes 
they  are  destitute  of  all  vegetation,  except  the  Larrea  Mexicana,  the 
Tucca,  the  Cactus,  and  other  spinose  plants,  and  are  paved  with  minute 
fragments  of  basalt,  agate,  and  other  hard  rocks.  Occasionally  in 
these  plains  we  encounter  sand  dunes,  called  by  the  Spaniards  Medor 
noiy  extending  over  a  large  area  of  country,  and  encircling  what  might 
at  first  sight  be  supposed  the  shores  of  dried-up  lakes.  But  an  ex- 
amination of  the  sand  with  a  microscope  of  sufficient  power  dispels 
this  idea.  The  grains  seem  to  be  angular,  and  are  not  rounded  by  the 
attrition  of  water.  An  extensive  formation  of  this  kind  occurs  be^ 
tween  the  Rio  Colorado  of  the  west  and  the  base  of  the  Sierra  Madre, 
and  extends  many  miles  along  the  western  coast  of  the  Gulf  of  Califor- 
nia. Another  very  extensive  waste  of  sand  lies  to  the  south  of  the 
Arkansas  River;  a  third  is  traversed  by  the  Platte  River,  and  a  fourth 
which  has  come  under  my  notice,  less  in  extent,  lies  to  the  south  of  the 
Rio  Bravo  in  the  State  of  Chihuahua  on  the  road  from  El  Paso  to  the 
city  of  Chihuahua. 

The  plains  or  basins  which  I  have  described  as  occurring  in  the 
mountain  system,  are  not  the  great  plains  of  North  America,  which 
are  referred  to  so  often  in  the  newspaper  literature  of  the  day,  in  the 
expression  "News  from  the  Plains,''  '^Indian  depredations  on  the 
Plains,"  etc  The  Plains  proper  is  the  extensive  inclined  surface, 
reaching  from  the  base  of  the  Rocky  Mountains  to  the  shore  of  the 
Gulf  of  Mexico,  and  the  valley  of  the  Mississippi,  and  they  form  a 
feature  in  the  geography  of  the  western  country  as  notable  as  any 
other  west  of  the  100th  meridian  of  longitude.  Except  on  the  borders 
of  the  streams  which  traverse  these  plains  in  their  course  to  the  valley  of 
the  Mississippi,  scarcely  any  thing  exists  deserving  the  name  of  vegeta- 
tion. The  soil  is  composed  of  disintegrated  rocks  covered  by  a  loam  an 
inch  or  two  in  thickness,  which  is  composed  of  the  exuviae  of  animals  and 
decayed  vegetable  matter.  The  growth  on  them  is  principally  a  short  but 
nutritious  grass  called  buffalo  grass  (Sesteria  Daetyla%de$y    A  narrow 
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Strip  of  allnvial  soil  supporting  a  coarse  grass  and  a  few  cotton-wood  trees, 
marks  the  line  of  the  watercourses,  which  of  themselves  are  aaffictentlj 
few  and  far  between.  Whatever  may  be  said  to  the  oontraij,  these 
plains  west  of  the  100th  meridian  are  wholly  OBSusceptible  oE  sustain- 
ing even  a  pastoral  population,  until  jou  reach  snfficientlj  far  south  to 
encounter  the  rain  from  the  tropics.  The  precise  limit  of  these  rains 
I  am  not  prepared  to  give ;  but  think  the  Bed  River  is  perhj4>s  as  ftr 
north  as  thej  extend.  South  of  that  river  the  plains  are  covered  with 
grass  of  larger  and  more  vigorous  growth.  That  which  is  most  indetj 
spread  over  the  face  of  the  country  is  the  grama  or  mezqaite  grass*  of 
which  there  are  many  varieties.  This  is  incomparably  the  most  nntii* 
tious  grass  known.  South  of  the  Red  River  also,  the  plains  are  not 
tmfrequently  covered  with  a  growth  of  mezquite  trees,  X^AIgaroaa^) 
of  which  there  are  many  varieties.  This  tree  varies  in  size,  accordk^ 
to  the  character  of  the  soil  and  quantity  of  rain.  It  is  usually  from 
fifteen  to  thirty  feet  in  height,  crooked,  gnarled,  and  armed  witk 
thorns.  The  wood  is  hard  and  full  of  knots,  and  is  unfit  for  puiposes 
of  carpentry ;  but  in  other  respects  it  fulfils  many  of  the  economical 
uses  of  life.  It  is  excellent  firewood,  and  makes  good  posts,  being 
very  durable.  It  exudes  a  gum  which  is  equal  to  gum  arabic,  but  to 
the  traveller  its  most  important  quality  is  the  fruit  which  it  bean,  a 
nutritious  bean  much  rdished  by  animals,  and  not  wholly  unamted  to 
the  tastes  of  man. 

The  vegetation  of  the  mountain  and  basin  region,  while  it  dififen 
materially  in  the  genus  and  species  of  plants  according  to  the  locality; 
possesses,  nevertheless,  a  general  similarity  which  is  striking  and  pecul- 
iar. I  have  described  that  of  the  plateau  or  levels,  as  conasting  of  a 
diminutive  growth  of  shrubs,  but  as  we  ascend  from  these  to  the 
height  of  the  surrounding  mountains,  we  pass  through  a  succession  of 
fioral  products  ranging  in  character  according  to  the  elevation  to 
which  we  ascend,  until  we  reach  an  Alpifie  fiora.  North  of  the 
parallel  of  32°,  this  appears  at  the  height  of  about  6,000  feet  above 
the  sea.  In  situations  protected  from  the  winds,  we  usually  find  at 
those  heights  pines  and  cedars,  and  at  a  less  elevation,  different  varie- 
ties of  oak.  Wherever  this  re^on  is  traversed  by  watercourses, 
cotton-wood,  and  occasionally  sycamore,  grow  on  the  edges  of  the 
streams.  There  are  throughout  this  region,  on  the  sides  of  the  niOQih 
tains,  growths  of  pine,  oak,  and  cedar,  which  are  quite  extended,  and 
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present  a  frost-like  appearance,  but  nowhere  until  we  begin  to  descend 
the  Pacific  slope,  and  get  within  the  influence  of  the  humidity  from  the 
ocean,  do  we  encounter  timber  at  all  approximating  in  size  or  luxuri- 
ance of  growth,  the  forest  with  which  we  are  familiar  in  the  basin  of 
the  Mississippi  and  the  eastern  slope  of  the  AUeghanies.  The  Pacific 
slope,  •'—  including  the  waters  of  the  Sacramento  and  its  tributaries,  the 
Ciolumbia  and  its  tributaries  below  the  Cascade  range  and  Puget 
Sound  and  its  tributaries,  •^—  it  is  not  my  intention  to  describe  in  this 
general  sketch,  further  than  to  say,  that  refreshed  by  frequent  showers 
and  logs  from  the  ocean,  it  presents  a  different  and  more  inviting  pic- 
ture than  the  country  to  the  east  of  it 

It  is  on  this  slope  that  we  find  that  stupendous  growth  of  red-wood, 
the  accounts  of  which  appear  almost  fabulous.  We  find  here,  too,  in  all 
that  region  north  of  Monterey,  considerable  adaptation  both  in  soil  and 
climate,  to  the  production  of  the  cereal  plants.  About  Santa  Barbara, 
in  parallel  34°  north  latitude,  the  mountains  run  to  the  sea ;  thence  the 
coast  defiects  sharply  to  the  east,  and  below  or  south  of  this  point,  the 
trade-winds,  which  sweep  along  the  Pacific  coast  charged  with  humid* 
ity  for  nine  months  in  the  year,  from  as  far  north  as  the  Aleutian 
Islands,  seem  to  diminish  in  force,  and  finally  die  away  at  the  lowest 
extremity  of  California.  The  mountain  range  at  Santa  Barbara  cuts 
off  these  humid  winds  from  the  land  to  the  south  of  them ;  and  it  is  my 
opinion  that  on  the  Pacific  slope,  beyond  this  point,  and  until  we  reach 
the  region  of  the  tropical  rains,  no  crops  can  be  raised  with  any  thing 
like  certainty  without  irrigation.  Below  them  the  agricultural  charac- 
ter of  the  country  is  much  the  same  as  that  of  the  mountain  and  basin 
system,  and  this  character  is  retained  along  the  coast  until  we  reach 
the  parallel  of  Mazatlan,  where  the  tropical  rains  begin  to  be  felt  in 
great  force.  For  the  four  months  (July,  August,  September,  and  Oc- 
tober) during  which  I  kept  a  meteorological  record  at  Camp  Riley,  no 
rain  fell  in  sufficient  quantity  to  be  measured.  The  mean  height  of 
the  barometer  for  that  period  was  29.853 ;  the  thermometer  68.37, 
and  the  mean  dew  point  58^.13. 

There  are  considerable  portions  of  the  extensive  mountain  system 
which  I  have  attempted  to  describe,  where  wheat  and  rye  can  be  raised 
without  irrigation ;  but  these  portions  are  exceptions  to  the  general 
rule ;  and  I  think  I  am  safe  in  stating  that,  as  a  general  rule,  through- 
put this  vast  region,  com,  cotton,  and  vegetables  cannot  be  produced 
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without  irrigation ;  and  furthermore,  the  limits  of  the  gromid  wbieb 
can  be  brought  under  the  effects  of  irrigation  are  very  circumscribed. 

The  town  of  El  Paso,  in  lat  31<>  44'  15".7,  and  long.  106°  29'  05"^ 
is  considered,  and  justly  so,  one  of  the  garden  spots  of  the  interior  of 
the  continent  A  meteorological  record  was  kept  at  Frontera,  a  few 
miles  north  of  this  point  for  two  years,  by  Assistant  Chandler,  the  re- 
sults of  which  are  embodied  in  the  accompanying  diagram.  The 
whole  quantity  of  rain  for  one  year  was  only  6.4  inches.  From  tlui 
it  will  be  seen  how  very  dry  the  climate  is,  and  how  unsuited  for  agri- 
cultural purposes,  according  to  the  notions  entertained  of  ikrming  in 
the  Eastern  States.  The  settlements  about  El  Paso  are  irrigated 
by  the  Rio  Bravo,  and  are  happily  not  dependent  upon  rains  for  their 
fertility. 

Whatever  population  may  now  or  hereafter  ocenpy  the  mountain 
system  and  the  plains  to  the  east,  must  be  dependent  on  mining,  or 
grazing,  or  the  cultivation  of  the  grape.  The  country  must  be  settled 
by  a  mining  and  pastoral,  or  wine-making  population  ;  and  the  whole 
legislation  of  Congress,  directed  heretofore  so  successfully  towards  the 
settlement  of  lands  in  States  east  of  the  100th  meridian  of  longitude, 
must  be  remodelled  and  reorganized  to  suit  the  new  phase  which  life 
must  assume  under  conditions  so  different  from  those  to  which  we  are 
accustomed. 


n.  PALEONTOLOGY. 

1.  On  the  Geological  Position  op  the  Deposits  in  which 
OCCUR  the  Remains  op  the  Fossil  Elephant  of  Nobth 
America.    By  J.  W.  Foster,  of  Monson,  Mass. 

The  true  position  in  the  geological  series  of  the  deposits  in  which 
these  remains  occur  is  still  a  mooted  point  among  American  geologists* 
Many  maintain  that  the  introduction  of  the  elephant  upon  the  earth 
was  subsequent  to  the  Drifl  epoch,  and  there  are  those  even  who  assert 
that  their  extinction  has  taken  place  since  the  advent  of  man.  I SQ 
disposed  to  refer  their  origin  to  a  far  higher  antiquity,  when  the  earth 
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was  tenanted  with  different  forms  of  animal  life,  and  when  different 
physical  conditions  prevailed  from  what  we  now  heboid.  I  will  pro* 
eeed  with  some  minuteness  to  adduce  the  evidence  on  which  this  opin- 
ion is  based ;  and  in  the  accomplishment  of  the  task  it  will  be  neces- 
sary to  inquire  into  the  origin  and  age  of  the  superficial  deposits  in 
which  these  remains  are  entombed. 

From  the  borders  of  the  Arctic  Ocean  to  the  limits  of  latitude  forty 
degrees  north,  we  meet  with  accumulations  of  clay,  sand,  and  gravel, 
interspersed  with  boulders  of  northern  origin,  and  blocks  derived  from 
Wi  great  distance.  In  the  basins  of  the  Great  Lakes,  these  deposits  con- 
sist of  marly  clays,  variously  colored,  overlaid  by  coarse  pebbles,  and 
water-worn  boulders.  Intermingled  with  these  clays  are  found  the 
remains  of  vegetables,  consisting,  so  far  as  identified,  of  red  and  white 
eedar,  spruce,  pine,  and  cranberry,  —  indicating  the  existence  of  a  sub- 
arctic vegetation.  Thus  far,  throughout  the  entire  area  occupied  by 
these  deposits,  few  remains  of  shells  have  been  found ;  but  these  are 
of  fresh  water  origin.  These  materials  are  sometimes  mingled  together 
pellmell,  but  are  more  frequently  distributed  in  stratified  beds.  The 
boulders  occupy  no  particular  position,  but  appear  to  have  been  depos- 
ited sometimes  upon  rubble  and  sometimes  on  comminuted  clay. 

We  are  too  apt  to  regard  the  Drift  agency  as  of  short  continuance ; 
and  there  are  those  who  still  maintain  that  the  materials  were  distribu- 
ted by  a  temporary  rush  of  the  waters ;  but  it  may  be  presumed  that 
a  long  interval  of  time  intervened  between  the  first  grooving  and  plan- 
ing down  of  the  rocks  and  the  cessation  of  the  boulder  transportation, 
which  observers  have  thus  far  failed  to  indicate  by  distinct  geological 
monuments. 

There  are  other  phenomena  intimately  connected  with  the  close  of 
the  Drift  epoch,  to  which  I  will  proceed  to  advert  These  are  the 
Terraces. 

To  those  who  have  investigated  the  terraces  which  border  the  great 
lakes  and  rivers  of  our  country,  it  must  appear  evident  that  they  have 
not  resulted  from  the  bursting  of  barriers  at  their  outlets,  but  from  the 
gradual  rise  of  a  portion  of  the  continent,  with  snfiicient  pauses  in  the 

.movement  to  admit  of  their  formation.  The  oldest  river  terraces 
appear  to  have  been  formed  towards  the  termination  of  the  Drift 
period,  smce  we  find  that  they  contain  erratic  and  angular  blocks 

•  which  could  not  have  been  transported  to  their  present  position  by 
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existing  agencies.  This  might  not  necessarily  follow  in  all  instances,— 
for  the  Drift  of  which  they  are  composed  might  have  been  subseqaentlj 
modified  by  fiuviatile  action ;  but  we  have  not  the  means  of  distin- 
guishing between  primitive  and  modified  drift  Even  those  terraees 
composed  of  comminuted  materials  might  have  been  formed  at  a  time 
when  the  summits  of  the  country  were  above  the  Drift  agency,  vhile 
the  depressed  portions  were  exposed  to  its  ravages. 

On  the  whole,  it  is  reasonable  to  suppose  that  the  most  andent  of 
the  terraces  are  intimately  connected  with  the  termination  of  the  Drift 
epoch,  and  that  their  formation  was  the  result  of  those  elevatory  move- 
ments by  which  the  continents  were  made  to  assume  their  present 
outlines.  When  we  witness  the  present  operation  of  rivers  in  eroding 
their  cliannels  and  forming  alluvial  deposits,  we  may  well  suppose  that 
the  more  recent  even  of  the  terraces  have  a  higher  antiquity  than  tiiat 
ordinarily  assigned  to  the  introduction  of  man. 

We  propose  to  offer  a  few  remarks  as  to  the  physical  conditions 
which  obtained  during  the  accumulation  and  dispersion  of  the  8upe^ 
ficial  materials  comprehended  under  the  head  of  Drift  It  is  pret^ 
well  agreed  among  geologists  that  ice  was  the  agent  by  which  the  nAs 
were  planed  down  and  striated,  and  the  boulders  transported ;  but  it  is 
not  agreed  whether  that  agency  was  manifested  under  the  form  of  gla- 
ciers or  icebergs. 

For  the  production  of  glaciers  several  conditions  must  exist  The 
country  must  be  diversified  with  mountains  and  valleys ;  the  vicissitudes 
between  the  summer  and  winter  temperature  must  be  marked ;  and  the 
atmosphere  must  be  sufficiently  charged  with  moisture  to  cause  it  to 
descend  in  the  form  of  rain  and  snow.  Hence,  at  this  day,  as  pointed 
out  by  De  Beaumont,  we  have  beneath  the  tropics,  mountains  which 
rise  above  the  snow-line ;  but  there  is  not  sufficient  variableness  of 
climate  to  cause  the  snow  to  descend  in  the  form  of  glaciers.  Hence,ia 
Arctic  America  we  have  all  the  conditions  of  climate  necessaiy  to  their 
production  ;  but  the  relief  and  depression  of  the  soil  are  wanting. 

If  we  were  to  suppose  that,  preceding  the  Drifl  epoch,  the  coontiy 
«tood  a  few  thousand  feet  higher  than  at  present,  the  summits  of  the 
Adirondack  and  White  Mountains  would  be  brought  within  the  limits  of 
perpetual  snow  ;  glaciers  might  be  formed,  which,  descending  into  the 
valleys,  would  groove  and  polish  the  rocks  and  leave  behind  long  lines 
^  rocky  fragments  known  as  moraines.   But  in  the  region  of  the  West,— 


PALEOXTOLOGT.  151 

where,  from  the  southern  confines  of  the  Drift  to  the  borders  of  the 
Arctic  Ocean,  there  is  no  elevation  two  thousand  five  hundred  feet  above 
the  tide-level,* — whatever  might  have  been  the  conditions  of  the  climate, 
glaciers  would  not  be  generated.  Immense  accumulations  of  ice  would 
be  formed  in  the  circumpolar  regions,  and  a  sub-arctic  vegetation  would 
cover  the  plains  and  the  slopes  of  the  hills,  where  now  we  meet  with 
deciduous  trees. 

While,  therefore,  in  the  more  elevated  portions  of  New  England  and 
New  York,  we  find  phenomena  clearly  referable  to  glacial  action, 
throughout  the  West,  we  must  resort  to  other  causes  to  explain  the 
planing  and  grooving  of  the  rocks,  the  transportation  of  boulders, 
and  the  stratification  of  the  superficial  materials. 

That  the  climate  of  both  continents  was  much  colder  preceding  the 
human  epoch  than  at  present,  is  evidenced  by  a  variety  of  facts.  The 
buried  timber,  as  before  remarked,  is  almost  exclusively  of  a  sub-arctic 
character.  The  molluscs  of  this  period,  according  to  Prof.  £.  Forbes, 
although  belonging  mainly  to  existing  species,  indicate  by  their  assem- 
blage the  same  thing.  The  fossil  elephant  of  Europe,  by  his  compound 
covering  of  wool  and  hair,  was  adapted  to  withstand  the  rigors  of  a 
northern  climate ;  and  by  the  augmented  complexity  and  number  of  the 
triturating  plates  of  his  teeth,  as  compared  with  the  existing  species,  as 
indicated  by  Owen,  was  adapted  to  live  mainly  on  the  woody  fibre  of 
trees.  That  the  habits  of  the  mastodon  wei-e  similar,  is  proved  by  the 
fact  that  the  contents  of  his  stomach,  in  several  instances,  have  been 
found  to  be  composed  of  twigs  and  branches  of  coniferous  trees  which 
now  flourish  in  northern  latitudes,  and  which  are  identical  with  the 
buried  arborescent  vegetation  of  the  DrifV. 

Assuming  that  the  country  was  submerged  —  and  that  it  has  been  is 
evidenced  by  the  Drift  deposits  two  thousand  feet  above  the  ocean  level 
—  the  vast  accumulations  of  ice  in  the  circumpolar  region  would  be  set 
afioat,  in  the  form  of  bergs,  freighted  with  fragments  of  rock  and  finer 
materials  incorporated  with  them  while  attached  to  the  land,  which,  en- 
tering the  water,  would  pursue  a  southern  direction,  for  the  reason  that 
the  cold  waters  of  the  north  are  constantly  flowing  towards  the  equato- 
rial regions  ;  nor  would  their  course  be  modified  to  any  great  extent  by 

*  The  height  of  land  between  Lake  Saperior  and  the  Arctic  Ocean,  according  to 
Sir  John  Richardson,  does  not  exceed  1,500  feet  above  that  lake* 
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winds,  as  about  seven-eighths  of  their  surfaces  mast  have  been  seb- 
merged.  As  they  melted  away  in  their  progress,  they  would  letve 
behind  long  trains  of  boulders,  which  subsequently,  when  the  sea  bot* 
torn  was  elevated,  would  be  found  strewn  over  an  unequal  suHaoe,  or 
imbedded  in  detrital  materials  of  variable  fineness.  These  materia]^ 
if  thrown  down  in  deep  water,  or  exposed  to  the  action  of  curreots, 
would  be  assorted  and  stratified.  Wherever  the  icebergs  became 
stranded  upon  a  reef  or  shoal  coast,  the  rocks  would  be  scratched  tod 
grooved,  and  long  lines  of  pebbles  and  boulders  would  be  thrown  ajk 
It  is  by  a  process  like  this,  in  our  opinion,  that  the  rocks  have  been 
grooved  and  the  boulders  distributed. 

If  now  the  country  were  to  rise  slowly,  with  occasional  pauses  in  the 
movement,  summit  after  summit  would  emerge ;  the  ocean  would 
recede  farther  and  farther,  leaving  behind  a  series  of  coast  lines  and 
beaches,  indicating  its  former  level ;  estuaries  would  become  oon?eiled 
into  lakes;  the  superabundant  waters  would  be  gathered  into  the 
depressions,  and  the  rivers  would  fiow  with  increased  velocity,  excavate 
ing  for  themselves  new  channels  and  bearing  into  the  pofiUs  the  silt  and 
sand  of  a  former  sea  bottom.  Terraces  would  be  formed  along  the 
margin  of  the  valleys,  as  the  country  rose,  or  the  waters  cut  away  tht 
barriers  which  imprisoned  them. 

The  lakes  and  pools  thus  formed  might  soon  become  the  habitats  of 
numerous  fresh  water  mollusca,  whose  remains  at  this  day  constitute  bedi 
of  shell-marl.  As  the  lakes  shoaled,  either  by  successive  depositions  of 
detrital  matter  or  by  a  lowering  of  their  outlets,  aquatic  plants,  such  as  the 
lilies  and  the  rushes,  would  take  root  in  the  bottom,  succeeded  by  the 
chara  and  the  sphagnum^  which  would  flourish  so  long  as  the  lake  beds 
furnished  a  sufficient  amount  of  moisture.  While  these  changes  were 
taking  place  on  the  land,  far  oat  in  the  sea  and  along  the  coast  linei, 
the  same  causes  which  had  dispersed  the  detrital  materials  over  higher 
levels  might  be  in  full  activity.  Thus,  many  of  the  swamps  and  pett 
marshes  which  have  served  as  the  sepulchres  of  the  mastodon,  may  hare 
originated  at  a  remote  epoch,  as  compared  with  the  advent  of  man, 
although  the  associated  shells  belong  to  existing  species. 

We  have,  then,  evidence  of  an  augmentation  of  cold  by  which  large 
icy  barriers  were  formed,  of  the  depression  of  a  vast  area  in  the  north- 
em  portion  of  the  continent,  of  the  dispersion  of  boulders,  of  a  subse- 
quent elevation  of  the  land,  of  the  formation  of  terraces  and  beaches,  and 
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of  the  deposition  of  detrital  materials^  enveloping  the  remains  of  ter- 
restrial and  molluscous  animals. 

Having  thus  endeavored  to  sketch  the  peculiarities  of  the  Drifl  de- 
posits, I  will  now  proceed  to  notice  their  connection  with  the  remains 
of  the  elephant 

THEIR   OCCURRENCE  IN   OHIO. 

The  following  topographical  sketch  of  the  Muskingum  Valley,  near 
Zanesville  —  which  is  on  a  scale  of  one  inch  to  the  mile  —  will  serve 
to  iUustrate  the  relative  position  of  the  several  formations. 

TOPOGRAPHICAL   SKETCH   OF  THE   MUSKINGUM   VALLEY. 
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A.  Coal  Measnroa. 

B.  Valley  Drift  oonsisting  of  stratified  beds  9f  gravel,  sand,  and  pebbles,  with  occa- 

sional bonlders  of  granite,  and  angular  blocks  of  limestone  and  sandstone,  in- 
closing the  remains  of  the  fossil  elephant. 

C.  Teliow  loam  forming  the  river  bottom,  or  allnvial  deposit. 

a,  b,  c.  The  points  in  the  Valley  Drift  where  the  remains  of  the  elephant  have  been 
discovered. 

That  portion  of  the  sketch  (marked  A)  is  occupied  bj  the  Coal  Meas- 
ures, which  rise  in  hills  two  or  three  thousand  feet  in  height,  and  pre- 
sent rounded  outlines.  The  superficial  soil  is  a  clayej  loam,  resulting 
from  the  decomposition  of  the  subjacent  shales  and  sandstones,  with  no 
admixture  of  boulders  or  granite  pebbles. 

Skirting  the  Hanks,  and  forming  a  well-defined  terrace,  sixty  feet 
above  the  level  of  the  Muskingum,  is  found  the  Valley  Drift.  It  con- 
stitutes, for  the  most  part,  the  rim  of  the  valley,  but  in  a  few  places 
the  river  has  swept  it  away,  and  now  impinges  on  the  sandstones 
and  shales  of  the  coal-measures.  The  Drift  reposes  immediately  on 
the  subjacent  rocks,  which  had  been  previously  eroded,  leaving  an 
irregular  surface.    Its  maximum  thickness  is  sixty-three  feet. 

The  intervening  space,  provincially  termed  ^  Bottom  lands,"  consists 
of  fine  sands  and  clay,  with  an  entire  absence  of  loose  blocks, 
boulders,  or  pebbles,  and  attains  a  maximum  thickness  of  forty 
feet  This  interval  exhibits  two  well-defined  terraces  and  a  slight 
ridge,  in  the  nature  of  an  dsar,  which  are  not  represented  on  the 
preceding  sketch. 

The  following  section  was  made  across  the  valley,  along  the 
line  d  e. 


A.  Coal  Measures. 

B.  Valley  Drift. 

C.  Alluvium. 

On  the  east  side  of  the  river,  the  rubble  B  is  seen  reposing  on  the 
fianks  of  the  hills,  while  the  immediate  bank  consists  of  loam  C.  The 
west  bank  rises  abruptly  from  the  water's  edge  to  the  height  of  ten  feet. 
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Succeeded  hj  a  bench  about  four  rods  in  width,  when  there  occurs 
a  terrace  about  five  feet  in  height  Another  bench  of  about  the  same 
width  then  intervenes,  with  a  terrace  nine  feet  in  height,  and  next  a 
bench  one-fourth  of  a  mile  in  width,  bounded  by. an  oval  ridge,  beyond 
which  the  gravel  terrace  rises  to  the  height  of  about  twenty-six  feet, 
capped  with  a  layer  of  clay. 

Proceeding  north,  along  the  lefl  bank  of  the  river,  this  terrace  is 
soon  lost  sight  of,  and  the  subsequent  formation  (C)  approaches  the 
base  of  Putnam  Hill. 

Having  rounded  the  point,  the  ancient  terrace  reappears  in  the  valley 
of  the  Pataskala,  forming  an  elevated  plateau,  much  prized  for  build- 
ing sites.  Crossing  the  Pataskala,  sharp  and  well  defined,  it  is  seen 
skirting  the  valley  of  the  Muskingum  for  a  mile  and  a  half,  and  removed 
from  one  fourth  to  one  half  of  a  mile  from  its  channel,  until  it  intersects 
the  rocks  of  the  coal  measures.  It  rises  to  the  height  of  twenty-five  or 
thii-ty  feet  above  the  bottom  land,  and  then  stretches  back  in  a  beauti* 
ful  plateau. 

Crossing  to  the  Zanesville  side,  at  the  point  E,  it  is  seen  along  the 
flanks  of  the  hills  ;  but,  a  short  distance  above,  the  river  intersects  the 
coal-bearing  rocks.  At  Slago's  Run,  the  coarse  gravel,  cemented  into 
a  conglomerate  by  calcareous  matter,  is  seen  reposing  upon  the  lime- 
stone ;  then  succeeds  an  interval  of  nearly  half  a  mile,  over  which  it  is 
obscurely  traced ;  but  above  the  town,  at  Cox's  paper-mill,  it  reappears 
on  the  river  bank  in  the  form  of  a  blufi*  sixty-three  feet  in  height,  and 
continues  for  three  fourths  of  a  mile,  when  it  gradually  recedes  from 
the  bank  and  assumes  the  form  of  a  terrace.  It  is  here  that  the-  ob- 
server has  the  best  opportunity  of  studying  its  structure.  Layers  of 
fine  sand  alternate  with  layers  of  coarse  pebbles,  often  intermixed 
with  minute  particles  of  vegetable  matter.  The  materials  are  most 
thoroughly  assorted,  —  a  process  which  must  have  resulted  from  their 
prolonged  suspension  in  the  water.  The  beds  of  sand  are  freed  from 
all  aluminous  matter,  and  often  contain  small  pebbles  of  the  size  of  a  bul- 
let, arranged  albng  the  lines  of  bedding.  They  exhibit  many  of  the 
most  beautiful  exanaples  of  cross-stratification,  whicli  would  seem  to 
indicate  that  the  materials  were  pushed  along  the  bottom  of  an  estuary 
and  deposited  amid  shifting  eddies.  From  the  character  of  some  of 
these  beds,  it  is  evident  that  the  current  by  which  they  were  deposited 
did  not  flow  in  the  direction  of  the  present  stream. 
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The  coarser  materials  consist  of  pebbles,  rounded  and  smoothed,  and 
derived  fram  sources  far  remote ;  intermingled  with  angular  and  sligfatlj 
rounded  blocks  from  the  imihediate  neighborhood.  Among  the  foimer 
I  recognized  granite,  sienite,  quai'tz,  hornblende,  greenstone,  yeBow 
jasper,  and  black  chert,  together  with  pebbles  of  limestone,  mainly  from 
the  Niagara  group.  It  is  not  unusual  to  find  in  these  loose  deposits  weU 
preserved  specimens  of  the  Niagara  corals,  affording,  in  this  respect, 
a  very  remarkable  analogy  to  those  of  the  Lake  Superior  region. 

It  was  in  this  vicinity,  at  the  point  c,  where  Malinda  street  intenecti 
the  river,  that  the  remains  of  the  elephant  were  first  discovered,  aboot 
eight  years  since.  A  fragment  of  a  tusk  three  feet  in  length  was 
washed  from  the  bank,  and  is  now  in  the  possession  of  Mr.  James  L. 
Cox,  of  Zanesville.  Subsequently  another  was  exhumed  at  the  point 
bj  near  Mill  Run.  In  December,  1852,  Mr.  Thomas  S.  Sedgwick,  one 
of  the  engineers  on  the  Central  road,  and  Mr.  Albert  Spaulding,  ob- 
served a  portion  of  an  incisor  protruding  from  the  bank  at  the  point  a, 
about  eight  feet  above  the  railroad  embankment.  They  soon  succeeded 
in  laying  bare  the  two  incisors,  the  four  molars,  and  other  fragments 
of  the  skeleton.  Having  heard  that  I  was  in  the  vicinity  and  was 
soon  expected  there,  they  suspended  further  operations  in  order  to 
enable  me  to  witness  the  exhumation,  and  critically  examine  the  nature 
of  the  surrounding  materials ;  a  favor  for  which  I  desire  to  express 
publicly  my  sincere  thanks.  After  my  arrival,  the  excavations  weie 
resumed  and  revealed  a  portion  of  the  cranium,  one  of  the  patell»}  one 
of  the  vertebrae,  a  rib,  &c.  Although,  I  doubt  not,  other  portions 
of  the  skeleton  might  have  been  found,  yet  these  bones  were  in  so  frail 
a  state  as  to  render  them  almost  worthless,  and,  therefore,  the  fartber 
prosecution  of  the  work  was  abandoned. 

The  molars  were  in  a  high  degree  of  preservation,  and  now  oonstitnte 
a  part  of  the  collection  of  the  late  Dr.  J.  C.  Warren,  of  Boston. 

The  height  of  the  elephant  bed  is :  — 

Above  the  river  at  the  Upper  bridge  at  ZaDCsyille '' 

Above  Lake  Erie    .    .  • ^*^ 

Above  tide  water "^ 
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SECTION    OF   THE   ELEPHA^fT   BED. 


A.  Coal  Measures. 

B.  Drift  Terrace. 

C.  Allaviam. 


Feet.  Inehet 
8 


1.  Yellow  loam,  stratified 

2.  Fine  sand,  " 1 

3.  Fine  gravel,  *' 6 

4.  Yellow  loam,        " 2 

5.  Pebbles  of  igneous  rocks,  some  of  which  are  4  inches  in  diameter        6 

6.  Yellow  sand,  stratified 6 

7.  Yellow  loam 7 

8.  Pebbles  like  bed  No.  5,  intermingled  with  large  angular  and  slightly 

rounded  blocks  from  the  vicinage.  Among  these  I  observed  a 
sandstone  block,  5  feet  X  1^  X  1^:  —  another  much  rounded  2 J 
X  li  feet:  —  a  slab  of  limestone  2  X  1^  X  ^  feet :  also  angular 
blocks  of  chert,  containing  5  or  6  cubic  feet.  I  have  observed  in 
this  connection  granite  boulders,  containing  8  or  10  cubic  feet  .        2        6 

9.  Fine  yellow  sand,  diagonally  stratified  with  bands  of  fine  pebbles, 

inclosing  the  remains  of  the  elephant 8        6 


Total 


29 


The  subjacent  deposits  at  this  point  are  concealed  by  the  alluvium  ; 
but  farther  down  the  stream  the  same  alternation  of  coarse  and  fine 
materials  is  found  to  continue  to  the  water's  edge.  Their  entire  thick- 
ness, as  before  remarked,  is  sixty-three  feet. 

The  bones  do  not  appear  to  have  been  worn  or  broken,  previous  to 
their  deposition ;  and  from  the  fact  that  all  of  the  molars,  and  both 
incisors,  together  with  the  cranium,  were  found  together,  I  am  inclined 
to  the  opinion  that  the  entire  carcass  was  floated  into  this  ancient  estu- 

(  14) 
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ary,  and  held  together  by  the  skin  and  strong  integuments  ontil  the 
more  perishable  materials  decayed. 

There  is  another  circumstance  worthy  of  consideration^  and  that  ia^ 
the  occurrence  of  large  fragments  of  rock  immediately  above  these 
remains,  which  we  have  not  seen  repeated  elsewhere  in  the  sectioiL 
This  would  seem  to  indicate  the  existence  of  a  current  of  unosoal  tur- 
bulence, or  that  there  was  a  renewal  of  the  same  causes  by  which  the 
boulders  were  transported,  afler  the  interment  of  the  carcass. 

There  are  two  other  pointa  within  the  Muskingum  Valley  where 
these  remains  have  been  found.  Mr.  A.  C.  Ross  has  a  small  molar,  in 
a  high  state  of  preservation,  which  was  found  near  the  mouth  of  Salt 
Creek,  nine  miles  below  Zanesville.  It  had  been  washed  from  the  ad- 
joining bank,  but  it  was  not  traced  to  its  source.  At  Beveriy,  forty 
miles  below  Zanesville,  three  molars  were  taken  from  the  Valley 
Drift. 

Let  us  now  examine  the  order  of  events  which  has  happened  here. 
That  order,  if  I  rightly  interpret  the  phenomena,  was  as  follows :  FiRt, 
the  valley  was  scooped  out  of  the  Coal  Measures,  which  fnrm  the  great 
framework  of  this  region  ;  next,  it  was  filled  from  side  to  side,  to  the 
height  of  sixty  feet,  with  sand  and  pebbles,  and  occasional  boulders,— 
all  derived  from  regions  far  remote,  —  and  angular  blocks  from  the 
vicinity,  at  a  time  when  the  country  stood  at  a  lower  level  than  at 
present.  Then  the  country  was  elevated,  during  which  the  valley 
was  partly  reexcavated,  leaving  behind  the  drift  terraces  as  a  record 
of  the  event  Again  it  sunk,  when  the  comminuted  sand  and  day, 
forming  the  river  bottom,  was  deposited,  and  rose  again  at  saooesslve 
intervals,  leaving  behind  no  less  than  three  sets  of  alluvial  terraces. 
After  the  formation  of  the  most  ancient,  or  drift  terraces,  the  waters 
ceased  to  transport  pebbles  and  angular  blocks.  The  river  now 
winds  its  way  through  this  alluvial  bottom,  which  was  formed  under 
different  physical  conditions  from  those  which  now  prevail ;  that  is, 
when  the  waters  were  higher,  or,  what  amounts  to  the  same  thmg, 
when  the  country  was  lower.  There  is  nothing  to  induce  us  to  believe 
that  these  changes  have  take^  place  within  the  human  epoch.  Hie 
latest  of  the  terraces,  we  may  presume,  are  older  than  man ;  but  when 
compared  with  the  first  formed,  which  contain  the  remains  of  the  ele- 
phant, they  are  comparatively  modem. 

In  estimating  the  antiquity  of  these  deposits,  we  should  also  bear  ia 


PALE0NT0LO6T.  159 

mind  that  the  highest  drift,  and  that  farthest  removed,  is  the  oldest 
As  the  country  was  first  depressed,  and  then  rose  by  repeated  oscilla- 
tions, it  follows  that  the  higher  portions,  and  those  the  most  remote 
from  the  sources  of  this  agency,  would  be  first  exempt  from  its  ravages. 
We  are  here  near  its  southern  confines  (latitude  40®  N.),  and  in  a  re- 
gion where  it  has  penetrated  only  through  the  deeper  valleys ;  and  as 
these  deposits  are  situated  nearly  150  feet  above  Lake  Erie,  we  must 
assign  to  them  a  higher  antiquity  than  the  uppermost  of  those  which 
occur  at  lower  levels. 

Jackson  Oounty,  Ohio, 

In  the  year  1838,  Mr.  Briggs  and  myself,  then  employed  in  the  geo- 
logical survey  of  Ohio,  exhumed  a  portion  of  the  skeleton  of  the  fossil 
elephant  from  the  banks  of  one  of  the  tributaries  of  Salt  Creek.  The 
fragments  consisted  of  two  molars,  several  ribs,  portions  of  the  cra- 
nium, one  incisor,  two  patellse  and  several  vertebrae. 

These  remains  were  found  in  an  ancient  lacustrine  deposit,  covered 
over  with  fine  detrital  materials,  to  the  depth  of  eighteen  feet,  of  which 
the  following  is  a  section :  — 

Veet.  InobM. 

1.  Yellow  claj  or  loam 5        6 

2.  Yellow  sand 7        6 

3.  Irregalar  layers  of  sand  shaded  red  and  yellow,  and  firmly  cemented 

with  iron 8 

4.  Blue  clay,  inclosing  the  remains  of  the  elephant,  together  with  firag- 

ments  of  plants  not  idendiied 5 

Total 19        8 

This  deposit  forms  a  bluff  on  one  side  of  the  stream,  while  on  the 
other  occurs  the  more  recent  alluvium. 

The  following  were  the  dimensions  of  the  incisor :  — 

feet.  InoheR. 

I^ength  on  the  outer  corre 10        9 

Xicngth  on  the  inner  curve ..89 

Circtimferenoe  at  the  base 19 

"  two  feet  from  base 1      10 

«  four  "     "       " 1      11 

Its  weight  was  180  pounds ;  it  was  in  a  very  frail  condition  and  has 
since  crumbled  to  pieces. 
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Wimtem  Virginia, 

Mr.  Alfred  Sears,  lately  an  engineer  on  the  Baltimore  and  Ohk> 
Railroad,  has  deposited  in  the  museum  of  the  Smithsonian  Institutioo 
a  few  fragments  of  the  skeleton  of  the  fossil  elephant,  and  from  him  I 
derive  the  following  account  of  their  geological  position :  — 

"  Above  Wheeling  the  river  bottom  is  very  narrow  ;  but  as  we  de- 
scend the  Ohio,  it  widens  gradually,  rising  with  one  step  until  we 
reach  a  point  four  and  a  half  miles  from  Wheeling  Creek,  when 
another  step  begins  and  continues  beyond  the  place  where  these  relics 
were  found.  The  bottom  is  very  level,  and  consists  of  a  deposit  of 
gravel  and  sand.  At  a  point  intermediate  between  Wheeling  and  the 
place  where  the  cross-section  occurs,  other  bones  of  the  elephant  were 
found  in  the  *  Upper  bottom,'  twelve  or  thirteen  feet  below  the  siff- 
face." 

The  following  is  a  cross-section  of  the  Ohio  valley  near  Wheeling:— 


1^ 
•S 

A  § 

A.  Bottom  land. 

B.  Terrace  in  which  the  bones  occur,  17  feet  below  the  surface. 

C.  Coal-measures,  rising  in  hills  to  the  height  of  200  feet. 
"Height  of  the  steps  is  20-^25  feet. 

With  regard  to  the  pebbles,  Mr.  Sears  remarks  that  he  has  never 
seen  in  this  part  of  the  Ohio  any  of  granitic  origin,  but  they  are  for 
the  most  part  of  sandstone  and  limestone,  the  debris  of  the  neighbo^ 
ing  formation.  Between  these  deposits  and  those  of  the  Muskingum 
Valley,  there  is  a  coincidence  in  this  respect,  —  that  the  elephant  re- 
mains occur  in  the  upper  or  oldest  terrace ;  and  to  show  that  they  pos- 
sess a  higher  antiquity  than  the  works  of  man,  I  would  state  that  upoa 
this  upper  terrace,  and  within  a  few  feet,  in  a  linear  direction  from  the 
lower  deposit  of  fossil  bones,  there  is  an  aboriginal  mound,  thus  proving 
that  the  topographical  features  of  this  vicinity  must  have  been  the 
same  as  we  now  behold  at  the  time  of  the  building  of  this  stractore. 
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Kentuckjf, 

Hitherto  the  Big  Bone  Lick,*  in  Kentucky,  has  proved  the  great 
charnel-house  of  the  remains  of  the  mastodon  and  elephant.  This 
locality  has  oflen  been  described  as  a  swamp,  with  a  substratum  of 
blue  mud,  in  which  these  colossal  pachyderms,  together  with  the  bison 
and  deer,  belonging  to  existing  species,  were  mired.  This  view,  how- 
ever, is  erroneous.  The  deposits  are  very  similar  to  those  in  Jackson 
county,  Ohio,  hitherto  described, — consisting,  first,  of  a  yellow  clay, 
fifteen  or  twenty  feet  in  thickness,  with  a  dark-colored  clay  below,  con- 
taining' the  pachyderm  remains.  At  the  place  where  most  of  the  ex-* 
cavations  have  been  made,  the  yellow  clay  has  been  denuded,  leaving 
Hie  blue  clay  on  the  surface ;  and  although  in  this  swamp  the  bones  of 
the  deer  and  the  bufialo  have  been  found  side  by  side  with  those  of 
the  mastodon  and  the  elephant,  yet  they  belong  to  two  distinct  geolog- 
ical epochs.  The  latter  were  entombed  before  the  deposition  of  the 
yellow  clay,  and  the  former  after  its  denudation.  It  is  an  undeniable 
fact  that  the  pachyderm  remains  have  been  found,  on  penetrating 

#  The  occarrenoe  of  these  remaiiu  at  thiB  point  was  mentioned  by  Dr.  Longenil, 
|b  Flench  voyagear,  as  earlj  as  1744. 

In  the  Journal  of  Christopher  Gist,  an  agent  sent  out  by  the  Ohio  Company,  oc- 
curs this  notice :  — 

"Wednesday,  March  13,  1751.  We  set  out  S.  45  West  down  the  river  Ohio. 
I  met  two  men  belonging  to  Robert  Smith,  at  whose  house  I  lodged  on  this  side  of 
the  Mineami  (Miami),  and  one  Hugh  Crawford.  The  said  Robert  Smith  had 
given  me  an  order  on  these  two  men  for  two  of  the  teeth  of  a  laige  beast,  which  they 
were  bringing  from  towards  the  Falls  of  the  Ohio  (Louisville),  one  of  which  I  bought 
and  delivered  to  the  Ohio  Company.  Robert  Smith  informed  me  that  about  seven 
years  ago  (1744),  these  teeth  and  the  bones  of  these  laige  beasts,  one  of  which  was 
somewhat  smaller  than  the  other  two,  were  found  in  a  salt  lick,  or  spring,  upon  a 
small  creek  which  runs  into  the  south  side  of  the  Ohio,  about  fifteen  miles  below 
the  Great  Mineami  River,  i^id  mostly  above  the  Falls  of  the  Ohio.  He  assured 
me  that  the  rib  bones  of  the  largest  of  these  beasts  were  eleven  feet  long,  and  the 
skull  bones  six  feet  across  the  forehead,  and  the  other  bones  in  proportion ;  and  that 
there  were  several  teeth  there,  some  of  which  he  called  horns  (incisors),  and  said 
they  were  upwards  of  five  feet  long,  and  as  much  as  a  man  well  could  cany ;  that 
he  bad  hid  one  in  a  branch  at  some  distance  from  the  place,  lest  the  French  In- 
dians should  carry  it  away.  The  tooth  which  I  brought  in  for  the  Ohio  Company 
was  a  jaw  tooth  of  better  than  fourteen  pounds  weight.  It  appeared  to  be  the  fint 
tooth  in  the  jaw,  and  looked  like  fine  ivory  when  the  outside  was  scraped  off." 

(U») 
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through  the  yellow  claj,  in  the  blae  clay  beneath  ;  bat  there  is  do  evi- 
dence that  the  remains  of  the  ruminants  have  been  found  under  then 
conditions. 

I  cannot,  therefore,  subscribe  to  the  opinion  thrown  oat  bj  Sir 
Charles  Lyell,  in  his  Travels  in  North  America,  that  the  matrix  of 
these  bones  is  the  silt  deposited  by  the  recent  action  of  the  river;  bnt 
regard  it  as  part  and  parcel  of  the  Drif^  clays  so  abundantly  distributed 
over  the  West,  which  invariably  preserve  the  same  relation,  the  tbu 
beneath,  the  yellow  above.  This  knowledge  of  the  order  of  snperpod- 
tion  is  understood  by  every  inhabitant  of  that  region,  and  is  brought  into 
*  requisition  in  every  well  that  is  sunk.  Although  in  the  nature  of  Ucut- 
trine  deposits,  I  am  disposed  to  refer  their  formation  to  a  period  when  the 
continent  was  rising,  and  the  superabundant  waters  were  gathered  ioto 
the  depressions  of  the  soil,  forming  lakes  and  pools. 

EUnois, 

The  profile  of  the  prairies  does  not  exhibit  one  uniform  dead  level ;  bat 
a  succession  of  elevations  and  depressions  like  the  ground  swell  of  the 
ocean  transfixed.  The  culminating  points  attain  an  elevation  of  not 
over  three  hundred  feet  above  Lake  Michigan.  The  subjacent  rods 
are  covered,  for  the  most  part,  with  transported  materials  to  the  depth, 
in  some  places,  of  two  hundred  feet  These  consist  of  yellow  clay  and 
blue  clay,  the  latter  always  subordinate ;  beds  of  sand  and  pebbles, 
rudely  stratified,  and  boulders  of  granite,  sometimes  on  the  surface  and 
at  other  times  at  considerable  depths  below. 

To  illustrate  the  character  of  these  materials,  I  introduce  two  6e^ 
tions  of  borings  made  on  the  Chicago  branch  of  the  Illinois  Centnl 
Railroad,  in  the  spring  of  1856. 

SECTION  AT  BANTOUL. 

1.  Prairie  mil 3  feet 

2.  Yellow  clay 5  " 

3.  Gravelly  yellow  clay 7  " 

4.  Blue  clay 51  *' 

5.  Sand 7  " 

6.  Boulder  of  syenite 4  "    6  inchei. 

7.  Quicksand 

77  ft.    6  in. 
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SECTION  AT  URBANNA. 

1.  Prairie  soil 2  feet,  9  inches. 

2.  Yellow  day 3     " 

3.  Red  sand 2    " 

4.  Yellow  clay     .        • 30    "     5       " 

5.  Sand  with  pebbles 5    " 

43  ft.     2  in. 

Those  mounds,  like  accumulations  of  Drift  materials,  devoid  of 
stratification,  so  characteristic  of  New  England,  are  here  entirely 
wanting. 

According  to  Dr.  Stevens,  in  an  excavation  along  the  line  of  the 
Illinois  Central  Railroad,  near  Beaucoup,  at  the  depth  of  about  eighteen 
feet,  the  workmen  found  the  remains  of  a  mastodon  in  the  prairie 
drift,  below  the  yellow  clay,  in  the  older  or  reddish  clay. 

At  Sandoval,  about  twenty-four  miles  north  on  the  same  route,  other 
remains  were  found  about  twelve  feet  below,  in  a  similar  position. 

At  Bloomfield,  Edgar  county,  the  remains  of  a  jaw  and  three  teeth 
were  found  in  the  yellow  clay,  about  three  feet  below  the  surface. 

Near  Danville,  in  the  bluff  forming  the  table-land  of  the  country, 
the  following  section  was  observed. 

1.  Soil 5  feet. 

2.  Gravel  with  bones  of  a  pachyderm 8  '' 

3.  Clay 2   " 

4.  Fine  washed  sand,  reposing  on  rocks  of  the  Coal  measures     .        .  2  " 

17  ft. 

Canctda, 

The  remains  of  the  fossil  elephant  have  thus  far  been  found  in  only 
one  instance  in  the  Provinces,  and  that  was  at  Burlington  Heights, 
near  the  head  of  Lake  Ontario.  I  am  indebted  to  Mr.  McQueen  for 
the  following  account  of  the  conditions  under  which  they  were  found, 
communicated  by  Mr.  £.  Billings,  of  Bytown  :  — 

^  Burlington  Heights  is  a  narrow  peninsula,  about  three  fourths  of  a 
mile  in  length,  and  not  more  than  half  a  furlong  in  width,  which 
divides  Burlington  bay  and  the  Desjardines  marshes;  an  area  of 
several  thousand  acres  lying  between  the  head  of  the  bay  and  the  town 
of  Dundas,  four  miles  distant.     The  marsh  is  still  partially  covered 
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with  water ;  and  recent  experiments  have  shown  that  the  bottom  is  a 
soft,  floating  mud,  extending  to  a  depth  of.  eighty  feet  Its  present 
surftkce  is  scarcely  a1)ove  the  waters  of  the  bay.  A  slaggish  stretn. 
from  the  high  lands  crawls  down  its  centre,  and  in  a  deep,  nartm 
glen^  winds  round  the  head  of  the  peninsula  into  the  bay,  and  now  fonu 
the  Desjardines  canal.  I  have  no  doubt  that  the  large  mass  of  alluTial 
matter  has  been  formed  by  the  stream  in  its  untiring  perseveraooe. 
The  peninsula  is  one  hundred  and  ten  feet  in  height  The  land  on 
each  side  of  the  amphitheatre  in  which  the  marsh  is  inclosed  rises  to 
a  great  height,  say  one  hundred  and  fifty  feet  above  the  level  of  the 
peninsula.  The  great  puzzle  to  me  is  the  cemented  gravel ;  it  begiu 
at  the  surface,  is  thirty  feet  thick,  is  regularly  bedded,  like  the  stnUa 
in  a  limestone  quarry,  has  a  considerable  dip,  or  inclination,  and  is  sU 
but  impenetrable.  It  is  as  difficult  to  drill  or  blast  as  any  liinestODe. 
The  sand  on  which  it  is  incumbent  is  too  clean  and  too  fine  for  bailding 
purposes ;  of  this  quality  it  continues  for  perhaps  thirty  feet  downwards, 
and  then  turns  into  a  loose,  coarse  gravel,  like  the  beach  of  the  lake. 
The  bones  were  deposited  in  the  fine  sand,  in  which  there  is  not  a 
vestige  of  a  shell  of  any  description." 

These  cemented  materials,  overlying  the  elephant  bed,  having  the  con- 
sistency of  a  rock  and  dipping  at  a  considerable  angle  lakeward,  are 
seen  on  the  right  bank  of  the  ravine  along  the  Great  Western  Railway, 
several  miles  distant  from  Dundas  ;  —  thus  showing  that  they  maiotaiii 
their  persistency  over  a  considerable  area,  and  that  their  accumulation  is 
due  to  causes  which  have  ceased  to  operate. 

As  to  the  character  of  the  fossil  bones,  the  reader  is  referred  to  the 
letter  of  Mr.  Cottle,  in  the  Annals  of  Natural  History,  and  copied  in  the 
American  Journal  of  Science,  Vol.  XV.  p.  282. 

Ifew  England, 

Hitherto  the  remains  of  the  fossil  elephant  have  been  found  onlj  in 
Vermont  In  the  construction  of  the  Rutland  and  Burlington  Railroad 
the  partial  fragments  of  a  skeleton  were  found  at  Mount  Holly,  on  the 
very  summit  of  the  line,  1,440  feet  above  tide  water,  and  1,350  feet  above 
Lake  Champlain.*     There  are  here  the   remains   of  a  small  peat 


*  Agaflsiz,  Proceedings  Am.  Ass.  1849. 
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swamp ;  but  Dr.  Warren  informed  me  daring  bis  lifetime  tbat  Mr. 
Hensbaw,  wbo  was  mainly  instrumental  in  bringing  these  relics  before 
the  world,  was  strongly  under  the  impression  that  some  of  the  bones 
were  taken  from  below  a  very  large  boulder. 

There  is  here  a  deep  cut  through  the  unstratified  drifts,  and  the  sur- 
rounding hills,  which  attain  a  much  higher  elevation,  are  strewn  with 
large  boulders. 

New  York  and  New  Jersey. 

In  New  York  and  in  New  Jersey,  the  remains  of  the  mastodon  have 
been  found  in  a  high  degree  of  preservation  in  beds  of  shell  marl,  on 
which  is  imposed  a  deposit  of  peat.  The  shells  are,  in  all  instances,  of 
fresh  water  origin,  and  belong  to  existing  species ;  but,  thus  far,  no 
fragments  of  a  skeleton  of  the  fossil  elephant  have  been  found  in  this 
connection.*  In  the  valley  of  the  Ohio,  however,  the  remains  of  these 
two  classes  of  pachyderms  have  been  found  side  by  side,  thus  leaving 
no  doubt  that  they  were  contemporaneous.  The  remains  of  the  ele- 
phant at  the  West  certainly  occur  in  the  drift  materials  which  occupy 
the  valleys,  while  those  of  the  mastodon  are  found  in  what  oft^n 
appear  to  be  erosions  in  the  old  drift. 

The  presence  of  the  remains  of  fresh  water  shells  of  existing  species 
ought  not,  however,  to  be  relied  upon  as  a  proof  of  the  extreme  mod- 
em origin  of  these  deposits,  since  it  is  an  undoubted  fact  that,  in  Europe 
and  in  South  America,  where  river  and  land  shells  occur  associated  with 
fossil  mammalia,  even  of  the  Newer  Pliocine  period,  they  are  found 
to  belong  to  existing  species.  Thus  at  Brentford,  on  the  Thames,  the 
elephant  remains  are  associated  with  fresh  water  shells  of  existing 
species.  So,  too,  in  the  ossiferous  caves  of  Brazil,  the  remains  of 
extinct  mammalia,  like  the  megatherium,  are  associated  with  existing 
species  of  land  shells.  It,  therefore,  admits  of  no  doubt  that  a  race  of 
mammalia  has  sprung  into  existence,  flourished,  and  become  extinct, 
while  the  land  and  fresh  water  shells  have  remained  unchanged.t 


*  For  detailed  information  with  respect  to  these  deposits,  the  reader  is  referred  to 
Dr.  Warren's  Memoir,  "  The  Mastodon  Giganteus." 
t  Wood  on  the  Upper  Tertiaries,  Geol.  Soc.  1849.    Lyell's  Elements, /xunm. 
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The  Sautkem  SuOes. 

In  the  region  of  the  South,  along  the  borders  of  the  Atlantif  and  tbe 
Gulf  of  Mexico,  tliere  is  a  series  of  superficial  flejiosits  emhracing  the 
Lower,  Middle,  and  Upper  Tertiaries  ;  and  in  the  Mississippi  Valley, 
Sir  Charles  Ljell  lias  detected  a  deposit  which  he  reganis  as  the  equir- 
alent  of  the  Loess,  in  which  are  found  th(^  remains  of  the  mastodon. 

There  is,  also,  along  the  borders  of  the  Onlf  of  Mexico,  a  wide  belt 
of  sandy  materials,  apparently  more  recent  than  the  Newest  Tertiary, 
which,  although  characterized  by  an  entire  absence  of  boulders,  may 
be  really  contemporary  with  the  Drift. 

According  to  the  testimony  of  Southern  observers,  to  these  pachyderm 
remains  must  be  assigned  as  high  an  antiquity  as  the  Newer  Tertiary. 

North  CaroUncu 
From  the  banks  of  the  Neuse  River,  Mr.  T.  A.  Conrad,  many  years 
ago,  obtained  the  bones  of  the  mastodon,  the  elephant,  the  hipiiopota- 
mus,  the  horse,  the  deer,  and  the  elk,  all  belonging  to  extinct  species,  in 
a  bed  equivalent  to  the  Upper  Tertiary,  covered  over  by  a  deposit  of 
marine  shells,  in  places  fifteen  feet  thick,  which  belong  to  the  Fleb- 
tocine  period.  The  bones  were  very  much  water-worn,  so  that  ia 
many  instances  the  characteristic  differences  of  the  animals  to  which 
they  belonged  could  not  be  recognized.  In  conversing  with  him  on  tbe 
subject,  he  assured  me,  in  the  strongest  terms,  that  these  remains,  as 
thus  disclosed,  belong  to  the  Upper  Tertiary ;  and  their  rolled  appca^ 
ance  would  seem  to  indicate  that  they  might  have  been  washed  from  a 
bed  of  greater  antiquity  than  that  in  which  they  were  deposited. 

SotUh  Garolina. 
Mr.  Tuomey,  in  his  Geology  of  South  Carolina,  regards  the  masto- 
don as  characteristic  of  the  Upper  Tertiary ;  and  states  that  forty-ax 
per  cent,  of  the  associated  marine  shells  are  found  to  be  extinct  Ib 
a  private  note,  he  remarks :  "  It  is  very  difficult  to  arrive  at  oonect 
conclusions  as  to  the  precise  position  of  these  remains  where  yon  do 
not  find  them  yourself.  I  am,  however,  satisfied  that  both  the  masto- 
don and  the  mammoth  lived  at  the  period  of  the  deposition  of  what  we 
call  in  Virginia  the  Miocene." 


PALEONTOLOOT«  167 

In  a  subsequent  note  he  embodies  the  following  information :  — 

'^  Fragments  of  a  task  of  one  of  these  animals  have  been  found  in  a 
cave  in  North  Alabama,  together  with  bones  of  the  megalonyx,  as 
determined  by  Dr.  Leidy. 

^  I  have  a  tooth  of  the  mammoth,  said  to  be  from  the  Miocene  of 
Maryland.  It  was  found  by  a  highly  intelligent  gentleman,  whilst 
engaged  in  marling  operations,  and  transmitted  to  Edward  Ruffin,  Esq. 
of  Virginia.  An  account  of  its  discovery  will  be  found  in  the  Farmer's 
Register,  I  have  also  a  tooth  and  portitm  of  a  tusk  of  a  mastodon 
found  in  the  same  formation  in  Virginia.  Aside  from  the  testimony  of 
the  respectable  gentleman  to  whom  I  am  indebted  for  these  specimens, 
the  marl  attached  to  them,  as  well  as  their  color,  left  no  doubt  in  my 
mind  as  to  the  deposit  in  which  they  were  found. 

'*  I  placed  in  the  cabinet  of  the  South  Carolina  College  a  fine  tooth  of 
a  mastodon  found  under  similar  circumstances,  in  Darlington  District, 
South  Carolina.  Other  specimens  were  found  overlying  the  Eocene, 
near  the  Sant^e  Canal,  but  these,  I  believe,  are  not  supposed  to  be 
derived  from  that  formation. 

^  At  several  localities  in  Alabama,  remains  of  the  mastodon  occur  in 
superficial  deposits." 

CaUfomxa. 

The  remains  of  the  fossil  elephant  have  been  found  in  numerous 
instances  in  this  region,  and  under  circumstances  which  leave  no  doubt 
as  to  their  true  geological  position,  that  is,  in  the  gold-producing 
drifts ;  —  the  same  association  having  been  observed  by  Sir  Roderick 
Murchison,  in  Siberia. 

Mr.  Smith,  connected  with  one  of  the  Pacific  Explorations,  showed 
me  a  tooth  of  the  fossil  elephant,  supposed  to  have  been  derived  from 
one  of  the  lignite  beds  of  Oregon. 

Foreign  LocaUties, 

The  pachyderm  remains  found  in  the  Pampas  of  South  America, 
according  to  M.  D'Orbignay,  occupy  a  position  intermediate  between 
the  Tertiary  and  Diluvial  formations,  which  he  designates  Pampeen. 

In  Europe,  tha  Elephcu  primigenius  had  a  wide  geographical  range. 
Its  remains  have  been  found  from  the  Arcde  Sea  to  the  Mediterranean. 
It  there  originated  early  in  the  Newer  PHocine,  and  survived  through 


168  NATURAL   HISTORY. 

the  whole  of  the  Glacial  epoch,  and  perhaps  even  until  after  the  period 
of  the  Terraces ;  for  its  remains  are  fouod^  for  example,  in  the  cliffs  of 
Norfolk,  England,  beneath  the  drift,  in  the  Loess  of  Northern  Ger- 
many, and  in  the  ice  cliffs  near  the  mouth  of  the  Lena,  where  tbej 
must  have  been  encased  at  a  time  when  that  portion  of  the  continent 
had  assumed  nearly  its  present  level. 

There  are  two  localities  in  the  British  Isles,  where  the  bones  of  the 
elephant  have  been  found  entombed  in  fluviatile  or  lacustrine  deposits, 
supposed  to  be  above  the  Drift.  "  It  is  not  difficult  to  conceive,**  re- 
marks De  la  B^che  (Geological  Observer),  ^'  that  these  mammals  may 
have  revisited  the  British  Isles,  again  connected  with  the  mainland, 
(supposing  that  the  area  had  been  submerged  and  again  elevated),  so 
that  their  remains  may  be  found  in  lacustrine  and  iluviatile  deposits, 
above  the  marine  accumulations  formed  during  the  interval  of  depres- 
sion. .  .  .  Assuming  only  one  submergence  sufficient  to  disconnect  the 
British  Isles,  followed  by  an  elevation  sufficient  to  restore  the  connec- 
tion, it  would  be  inferred  that  lacustrine  and  fluviatile  accumulations 
would  be  the  highest  amid  which  we  should  expect  to  discover  the  re- 
mains of  the  Elephas  primigenius  and  his  contemporary  mammak." 

It  has  hitherto  been  asserted  by  almost  every  osteologist  that  the 
elephant  of  this  country  was  identical  with  that  of  Europe.  Ths, 
however,  as  will  be  shown  in  a  subsequent  part  of  this  article,  is  a 
matter  of  exceeding  doubt.  If,  however,  this  should  be  found  true,  and 
if  the  prevailing  notions  as  to  the  simultaneous  origin  of  species  in  dif- 
ferent parts  of  the  earth  be  correct,  we  are  authorized  in  the  inference, 
that  the  elephant  appeared  as  early,  and  survived  as  long  on  this  con- 
tinent as  on  the  eastern,  and  that  the  causes,  whatever  they  may  have 
been,  which  led  to  his  extinction,  were  not  local  but  general  in  their 
operation. 

In  bulk  the  American  elephant  far  surpassed  the  existing  species, 
and  was  adapted  to  a  wide  geographical  range.  Contemporary 
with  him  was  the  mastodon  (^M,  giganteus)^  of  a  more  ponderous 
frame,  but  of  an  inferior  size.  The  fossil  beaver  {Gastoroides  oAtV 
ensis),  tenanted  the  streams  and  lakes.  Herds  of  cattle  {B&s  bambi" 
frons  and  Bison  lattfrons^  X.),  roamed  over  the  plains,  while  the  tapir 
wallowed  in  the  swamps.  In  the  milder  regions  of  the  south,  visited 
by  the  elephant  and  the  mastodon  in  their  migrations,  lived  the  great 
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leaf-eating  megatherium,  the  mylodon,  the  megaloDjx,  the  hippopota- 
mus, the  horse,  the  elk,  and  the  deer,  all  belonging  to  extinct  species ; 
while  at  the  head  of  the  carnivora  stood  the  colossal  lion  {Felis 
atrox,  L.),  which  then,  as  now,  was  monarch  of  the  forest 

The  observations  made  in  the  Southern  States  would  seem  to  indi- 
cate that  the  elephant  originated  during  the  Newer  Pliocene  period ; 
but  mj  own  observations  lead  me  to  infer  that  he  commenced  his  ex- 
istence before  the  drift  agencies  had  entirely  ceased ;  when  the  waters 
stood  at  a  higher  level,  when  the  contours  of  the  continent  were  differ- 
ent, when  a  different  climate  prevailed,  and  when  a  subarctic  vegetation 
stretched  far  towards  the  tropics;  at  a  time  when  the  valleys  had  been 
excavated  by  the  retiring  waters,  and  the  streams  had  assumed  nearly 
their  present  direction.  It  was  a  period  of  erosion,  which  ought  to  be 
marked  by  distinct  geological  monuments.  I  would  designate  it  as  the 
Fluviatilb  Period. 

Although,  in  rare  instances,  the  remains  of  the  elephant  and  the 
mastodon  have  been  found  side  by  side,  there  are  deposits,  in  which 
elephant  remains  are  entombed,  apparently  older  than  any  that  contain 
those  of  the  mastodon ;  and  at  the  same  time,  there  are  deposits  ap- 
parently newer,  which  contain  the  mastodon,  in  which  those  of  the 
elephant  have  never  been  found.  The  inference  therefore  might  be 
drawn,  that,  although  at  one  time  contemporary,  the  one  was  intro- 
duced earlier,  while  the  other  survived  later. 


2.  Note  on  the  Teeth  of  an  Elephant  discovered  near 
Zanesville,  Ohio.    By  Professor  J.  Wyman,  of  Cambridge. 

Those  who  have  studied  the  remains  of  the  American  mastodon  and 
elephant,  must  have  been  struck  with  the  fact,  that  while  the  bones  of 
the  former,  and  even  many  entire  skeletons,  have  been  brought  to 
light,  in  a  state  of  nearly  complete  preservation,  those  of  the  latter  have 
nearly  all  decayed,  so  that  no  considerable  portion,  such  as  a  limb,  or 
even  an  entire  cranium  has  as  yet  been  described.  We  know  the  ex- 
istence of  the  American  elephant  at  present  ahnost  entirely  by  the 

(15) 
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teeth  and  trunk  alone,  and  these  have  been  thus  far  so  imperfectly  de- 
scribed that  the  modifications  which  they  undei^  in  the  dental 
series  remain  to  be  determined. 

The  four  remarkably  well  preserved  molars  of  the  American  ele- 
phant or  mammoth,  which  have  been  referred  to  me  by  Mr.  Foster, 
are  important  additions  to  the  discovered  remains  of  these  animab. 
They  were  found  together,  in  apposition,  with  some  fragments  of  a 
cranium,  under  such  circumstances  as  to  leave  no  doubt  that  they  aH 
belonged  to  one  and  the  same  individual.  Some  fragments  of  tusks, 
but  no  other  teeth,  were  seen  with  them.  Their  great  size,  and  the 
number  of  laminse,  indicate  that  they  were  ultimate  or  sixth  molars,  so 
that  the  last  members  of  the  dental  series  had  been  brought  into  use. 
A  complete  series  of  ultimate  molars,  from  the  same  individnal,  has 
not  been  hitherto  described;  usually  only  single  ones  having  been 
found  at  a  time.  A  conception  of  the  great  size  of  the  Zanesville 
specimens  may  be  formed  from  the  fact  that  the  aggregate  weight  of 
the  jaw,  in  a  dried  state,  was  fifty-four  pounds. 

The  following  are  the  dimensions  of  the  right  and  left  upper  mo- 
lars:^ 

Riitht. 


Greatest  length 13^  1^ 

Greatest  height,  when  resting  on  the  grinding  surface         .         .  10^  11 

Length  of  grinding  surface 8}  9 

Breadth  of      "  " fj  4^ 

Whole  number  of  laminn 29  30 

Laminse  of  grinding  surface 18  18 

The  weight  of  the  right  tooth  was  fifleen  pounds,  and  that  of  the  left, 
seventeen  pounds  and  eight  ounces. 

The  whole  number  of  laminse  was  probably  larger  origuiaUy,  as 
there  are  indications  that  some  of  them  have  been  ground  out ;  still 
they  are  more  numerous  than  in  any  described  tooth.  The  largest 
number  hitherto  described  is  twenty-six.* 

The  lower  molars  are  longer  and  not  so  high  as  the  upper ;  the 
grinding  surface  is  concave  instead  of  convex  as  above.  It  seems 
probable  from  the  conditions  of  the  teeth,  that  a  portion  of  the  anterior 
extremity  had  been  worn  oflT,  and  that  the  number  of  plates  may  have 
been  originally  greater. 

*  Owen.    British  Fossil  Mammalia  and  Birds,  p.  225. 
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Right.         Left. 
Inches.      Inches. 


Whole  length 14 J  15 

Length  of  grinding  surface     ........  9  8} 

Breadth  of       "          " 3}  3^ 

Whole  number  of  laminsB 24  25 

Laminffi  of  grinding  surface 17  17 

The  weight  of  each  lower  molar  was  eleven  pounds.  Professor 
Owen  has  described  a  specimen,*  larger  than  either  of  these,  it  having 
been  sixteen  inches  long,  and  provided  with  twentj-eight  plates. 

The  tusks  I  have  had  no  opportunity  of  examining.  They  were 
seen  by  Mr.  Foster,  who  found  the  longest  fragment  about  eight  feet 
long.  The  extremity  was  gone,  but  from  the  form  and  proportions  of 
the  part  examined,  Mr.  Foster  estimated  the  entire  length  to  be  about 
twelve  feet  The  tusks  were  much  less  covered  than  in  £.  jmwt- 
^enius. 

Is  the  mammoth  of  America  specifically  distinct  from  that  of  the  Old 
World  f  Owen  regards  them  as  identical.  Dekay  believes  the 
American  mammoth  to  be  a  distinct  species,  on  the  ground,  that  in  a 
tooth  examined  by  him,  the  number  of  laminae  was  greater  than  in  the 
elephant  of  Europe  or  Siberia.  Thus  far  observations  are  not  suffi- 
ciently extensive  to  determine  this  question.  The  character  derived 
from  the  number  of  laminae  is  not  exact,  since  the  range  of  variation  is 
very  great,  and  the  larger  the  tooth,  the  greater  the  range.  A  cor- 
rect conclusion  can  be  ^reached  only  by  examining  a  large  number  of 
corresponding  teeth  in  the  mammoths  of  the  Old  World  and  the  New. 
It  is  very  probable  that  the  entire  cranium,  when  it  is  discovered,  will 
serve  to  settle  this  question.  Among  the  Siberia  fossils  described  by 
Falconer  and  Coutley,  the  crania  of  the  different  species  of  elephant 
were  highly  characteristic,  each  species  having  its  own  peculiarities 
strikingly  marked  and  well  defined.  The  theory  of  the  identity  of  the 
species  of  mammoths  of  the  Old  World  and  the  New  is  afforded  by  the 
analogies  of  the  geological  distribution  of  other  Pachyderms.  If  the 
theory  be  correct,  then  we  have  one  and  the  same  species  extend- 
ing through  fifty  degrees  of  latitude,  and  more  than  two  hundred  and 
eighty  degrees  of  longitude ;  in  fact  through  the  whole  habitable  por- 
tion of  the  northern  hemisphere  above  the  twentieth  parallel.     The 

*  Owen.    British  Fossil  Mammalia  and  Birds,  p.  225. 
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mastodons  of  America  are  different  from  those  of  Curope ;  and  those 
from  South  America  are  different  from  those  of  North  America.  Tke 
sevree,  the  tapirs,  the  rhinoceros,  the  bison,  the  ox,  and  the  lion,  found 
fossil  on  this  continent  are  specifically  distinct  from  anj  of  the  spedes 
found  in  the  eastern  hemisphere.  The  elephant  of  Africa  constitutes 
a  species  distinct  from  that  of  Asia,  and  the  Sivalic  faana  shows  the 
coexistence  of  many  species  in  one  and  the  same  geographical  regioa 
even.  But  there  are  no  facts  which  go  to  show  that  any  of  the  spe- 
cies of  pachyderms  have  so  wide  a  distribution  as  that  assumed  for  the 
E.  prtmigenitis,  when  it  is  asserted  that  it  is  common  to  the  two  hem- 
ispheres. Under  the  circumstances,  before  asserting  either  the  speeifie 
identity  or  the  difference  of  the  remains  in  question,  it  is  better  to  wait 
for  further  developments,  which  will,  in  time,  no  doabty  fbniish  the 
necessary  evidence. 


3.  On  a  Batrachian  Reptile  from  the  Coal  Formation.     By 
Professor  Jeffries  Wyman,  of  Cambridge. 

The  remains  described  in  this  connection,  were  recentlj  discovered 
in  the  coal-fields  of  Ohio,  by  Dr.  J.  S.  Newberry.  Those  which  were 
most  complete  consisted  of  a  nearly  entire  skeleton  of  a  salamandroid 
animal,  imbedded  in  the  matrix,  and  seen  from  below,  about  hve  inches 
in  length,  exclusive  of  the  tail,  which  had  been  broken  offl  The  ver- 
tebral column  between  the  proboscis  and  the  head,  consisted  of  between 
twenty  and  thirty  pieces,  which  were  quite  small,  and  without  any 
indications  of  having  transverse  processes  which  characterize  batra- 
chian s,  or  of  ribs.  The  head  was  broader  and  much  more  expanded 
transversely  than  in  salamandroids  or  tathyoids,  and  more  closely  re* 
sembled  the  cranium  of  frogs.  As  in  these  last,  the  pterygoids  wane 
slender  near  the  median  line,  but  broad  externally,  the  orbits  lai^ 
and  the  angles  of  the  jaws  projected  backwards  beyond  the  occiput 
The  head  is  nearly  as  broad  as  long,  and  the  jaws  are  quite  r^nlarlj 
arched.  A  few  simple  pointed  teeth  were  visible  in  the  intermaxil- 
laries,  but  there  were  no  indications  that  there  existed  any  pieces  inter- 
posed between  the  lower  jaws  at  the  symphysis,  as  is  the  case  in  frogs 
and  toads.     The  bones  of  the  limbs  correspond  with  those  of  urodels^ 
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the  humerus  and  femur  being  hollow  at  the  ends,  and  the  bones  of  the 
forearm  remaining  separate  and  movable  on  each  other,  instead  of 
being  consolidated  as  in  Anourous  Batrachians.  The  number  of  toes 
appeared  to  be  five  for  each  foot,  though  there  was  some  uncertainty 
in  regard  to  those  of  the  fore  foot 

Slight  traces  of  a  scapular  order  were  visible,  but  too  indistinct  to 
indicate  the  anatomical  structure. 

If  it  should  prove  true  that  these  animals  had  ^yq  toes  before  as 
well  as  behind,  the  foot-prints  from  the  coal,  which  have  been  described 
as  having  the  same  number,  would  meet  with  a  satisfactory  explana- 
tion.    No  living  Batrachian  has  more  than  four  toes  before. 

The  indications  in  this  country,  of  the  existence  of  reptiles  during 
the  coal  period,  which  have  been  already  described,  are  the  Cheiro- 
tkeran  foot-prints  discovered  by  Dr.  King ;  those  of  the  Sauropus,  by 
Mr.  Lea,  and  others  discovered  by  Professor  H.  D.  Rogers.  In  addi- 
tion to  these,  may  be  enumerated  the  bones  of  the  Dendrerpeton  ob- 
tained from  the  cavity  of  a  coal  tree,  by  Sir  Charles  Lyell  and  Pro- 
fessor Dawson ;  and  the  Baphetes  discovered  by  Mr.  Dawson,  and 
described  by  Professor  Owen. 

A  portion  of  the  remains  of  another  skeleton  was  also  discovered, 
consisting  of  thirteen  vertebrae,  with  the  corresponding  pieces  of  ribs,  all 
of  which  were  of  the  same  size  and  development,  as  is  the  case  with 
those  from  serpent-like  animals.  The  vertebrae  were  nearly  destitute 
of  spinous  processes,  but  the  articulating  processes  were  broad  and  ex- 
panded, and  in  this  respect  bearing  some  resemblance  to  those  of 
menopoma.  The  vertebral  ends  of  the  ribs  were  not  bifurcotal  as  in 
salamanders,  nor  broad  and  expanded,  as  in  some  tathyoids.  No 
transverse  processes  were  visible  on  the  vertebrae.  The  ribs  were 
flattened,  of  nearly  equal  breadth  throughout,  distinctly  grooved  on  the 
side,  and  strongly  curved.  In  these  respects  they  differ  very  materi- 
ally from  any  known  Batrachians,  and  more  clearly  resemble  the  ser- 
pents, or  serpent-like  lizards.  The  animal  may  have  been  a  true 
Batrachian  with  ophidian  characters  superadded,  just  as  Lepidosteus  is 
a  true  fish,  with  certain  reptilian  features  developed. 

The  remains  of  the  two  animals  just  described  are  of  great  interest, 
since  they  form  important  additions  to  the  scanty  evidence  already  ex- 
isting of  the  creation  of  air-breathing  animals  as  far  back  as  the  coal 
period. 

(15-) 
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4.  Remarks  on  a  Specimen  of  Fossil  Wood  from  the  Devo- 
nian Rocks,  (Gctspe  Sandstones)  of  Gaspe,  Canada  East. 
By  J.  W.  Dawson,  Principal  of  the  McGill  College,  Montreal 

This  specimen  was  discovered  by  Sir  W.  E.  Logan,  in  1844,  in  the 
sandstones  and  shales  near  Brachaat  Bay,  described  in  his  Report  of 
progress  for  that  year,  and  contiuning  carbonized  comminated  plants, 
and  other  imperfect  vegetable  remains.  These  beds  were  ascertained 
by  Sir  William  to  underlie  unconformably  the  lowest  carboniferoos 
rocks,  and  to  form  a  portion  of  the  Devonian  System. 

The  trunk  was  originally  about  four  feet  in  length,  and  several 
large  fragments  of  it  have  been  placed  by  Sir  William  in  the  collection 
of  the  Canadian  Survey.  The  largest  and  best  preserved  of  these  frag- 
ments is  seven  inches  in  length,  and  nine  and  one  half  inches  in  its 
greatest  diameter.  It  id  perfectly  silicified,  with  the  exception  of  a 
thin  coating  of  smooth  coal,  perhaps  representing  the  bark.  The  color 
is  black,  and  the  texture  very  compact,  with  the  exception  of  a  ten- 
dency to  split  into  concentric  layers,  the  surfaces  of  which  are  thinlj 
varnished  with  carbonaceous  matter.  These  layers  are  shown  by 
microscopic  examination  to  be  rings  of  annual  growth.  The  thicker 
end  of  the  fossil  has,  like  the  circumference,  a  smooth  carbonaceous 
coating  in  part,  giving  it  the  appearance  of  having  been  the  base  of  the 
stem.  This  may,  however,  be  accidental,  more  especially  as  other  sa^ 
faces,  evidently  not  external,  have  thin  coaly  films,  perhaps  resulting 
from  bituminous  infiltration. 

The  cross  section  exhibits  a  well  preserved  and  uniform  cellnlar 
tissue.  The  cells  are  almost  perfectly  circular,  not  crowded,  and  im- 
bedded in  a  semi-transparent  silicious  paste  without  structure.  The 
limits  of  the  rings  of  growth  are  well  defined,  being  marked  by  ceDs 
of  smaller  diameter  and  more  irregularly  distributed  than  the  others. 
The  medullary  rays  are  indicated  by  a  few  radiating  cracks  filled  with 
silicious  matter  without  structure,  and  by  a  slight  tendency  to  a  radiat- 
ing arrangement  of  the  cells.  The  growth  rings,  where  best  pre- 
served, are  about  a  line  in  average  breadth.     (Figs.  1,  2,  3). 
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Fossil  Wood  from  Devonian  System,  Gaspe,  Canada  East, 


Fig.  1. 
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1.  Transverse  slice,  60  diameters,  (a)  growth  line,  (h)  medullary  raj. 

2.  "  "    300        "         in  middle  of  growth  ring. 

3.  "  "    300        "        (a)  outer  margin  of  growth  ring. 

4.  Longitudinal  section  in  direction  of  medullary  rajs. 

In  the  longitudinal  section,  parallel  to  the  medullary  rays,  the  cells 
are  seen  to  be  much  elongated  and  to  terminate  in  conical  points. 
Under  a  high  power,  they  show  traces  of  transverse  and  diagonal  fibres, 
sometimes  decussating.  No  medullary  rays  nor  disc  structures  are 
visible.     (Fig.  4.) 

At  first  sight  the  transverse  section  resembles  the  outer  cellular  cyl- 
inder of  Lepidodendron,  or  of  some  Lycopodia;  but  the  apparent  uni- 
formity of  the  tissue  throughout  the  trunk,  the  rings  of  annual  growth, 
and  the   character  of  the  longitudinal  section,  point  to  the  conifers. 
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The  absence  of  disc  structure  from  a  tissue  so  well  preaerved,  weigbs 
against  this ;  but  Professor  Gray  has  observed*  that,  in  the  Ameri- 
can Yew,  where  there  are  few  discs,  delicate  spiral  markings  like  those 
in  the  present  fossil  appear  in  their  place.  The  joung  wood  of  some 
recent  conifers,  as,  for  example  the  Chili  Pine,  gives  in  the  cross  sec- 
tion a  tissue  approaching  in  the  roundness  and  separation  of  the  cell- 
openings  to  the  present  specimen.  The  fragment  of  fossil  wood  from 
the  Devonian  Rocks  of  Cromarty,  figured  by  Miller,  does  not  very 
closely  resemble  that  from  Gaspe ;  but  it  has  been  too  much  com- 
pressed to  admit  of  satisfactory  comparison. 

On  the  whole,  it  seems  probable  that  this  ancient  tree  was  a  coni- 
fer or  closely  allied  to  the  conifers ;  though  in  so  far  as  my  knowl- 
edge and  means  of  reference  extend,  it  differs  materially  from  any  pre- 
viously observed  form. 

Note.  —  Since  this  paper  was  read,  I  have  observed  in  Mnrch'ison's  Siluria,  page 
358,  a  quotation  from  a  letter  of  Professor  Unger,  referring  to  fossil  plants  from  the 
Devonian  "  cypridina  schists  "  of  Saalfield,  in  Meiningen.  Among  these  are  some 
which  seem  to  be  primitive  forms  of  cycads  and  conifers,  possessing  characters  ol" 
which,  says  the  Professor,  no  one  has  yet  had  any  idea  ;  and  some  present  such  a 
singular  organization  that  he  terms  them  the  "prototypes  of  the  GyTnnosperms."  It 
is  quite  probable  that  among  the  plants  thus  characterized  there  may  be  forms  sm- 
ilar  to  the  Gasp^  fossil. 


5.  Observations  on  the  genus  Archimedes,  or  Fenestella, 
WITH  Descriptions  of  Species,  etc.  By  Professor  James 
Hall,  of  Albany. 

The  term  "  Archimedes  "  has  long  been  in  use  among  Amerieao 
geologists ;  and  is  the  generic  name  given  by  Le  Sueur  to  a  Bryozoan 
composed  of  broad,  reticulate  expansions,  which  are  spirally  arranged 
around  an  elongated  axis,  or  stem.  The  axis  is  solid,  or  irregularly  cellu- 
lar in  its  interior  structure ;  the  expanded  portions  have  the  genend 
character  of  Fenestella  upon  the  lower  or  external  side,  while  the  upper 

*  Botanical  Text-Book,  fourth  edition,  page  46. 
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and  inner  side  is  in  like  manner  celluliferous.  The  cellules  are  cylindri- 
cal, with  circular  or  sub-circular  mouths,  arranged  along  the  branches  in 
two  or  more  rows  ;  branches  rounded  or  angular  above,  connected  by 
transverse  processes,  leaving  oval  or  sub-quadrangular  interstices. 

In  all  the  essential  characters,  the  foliate  expansions  of  Archimedes 
corresponds  to  FenestelUij  according  to  the  extended  description  of  this 
genus  by  Mr.  Lonsdale  ;  and  in  detached  fragments'  cannot  be  distin- 
guished generically  from  other  forms  of  the  same  genus.  Some  of  the 
species  have  more  than  a  double  row  of  cells  on  the  branches,  and 
correspond  to  the  genus  Polypora  of  McCoy,  but,  nevertheless,  that 
character  is  found  in  true  Fenestella,  according  to  the  description  above 
cited. 

The  mode  of  growth,  therefore,  constitutes  the  only  reliable  charac- 
ter for  separating  Archimedes  from  Fenestella  ;  and  should  this  charac- 
ter be  hereafler  considered  of  sufficient  importance,  I  propose  to  retain 
Le  Sueur's  original  name  '^  Archimedes." 

Dr.  D.  D.  Owen  has  several  times  alluded  to  the  ^Archimedes**  in 
his  various  Reports ;  and  in  a  paper  published  in  the  American  Journal 
of  Science  and  Arts,  voL  43,  p.  19,  he  gives  a  figure  of  one  of  the 
species  as  the  ^  Archimedes  of  Le  Sueur,"  but  suggests  that ''  it  may 
be  only  a  new  species  of  Retchporea." 

This  figure  of  Dr.  Owen  is  of  a  large  species  ;  but  being  merely  the 
spiral  axis,  furnishes  no  characters  for  specific  identification.  It  retains 
the  thickened  base  of  the  foliate  expansion,  and  where  this  is  broken 
through  presents  the  irregularly  cellular  structure,  common  to  the  axis  of 
all  the  species.  This  structural  character,  or  the  remains  of  fenestrules 
on  the  edges  of  the  spire,  as  seen  in  Dr.  Owen's  figure,  have  been  mis- 
taken by  M.  D'Orbigny  for  the  animal  cells ;  and  upon  this  character 
he  proposes  a  new  genus  ^  Archimedipora"  having  the  cells  arranged 
upon  the  salient  angles  of  the  spiral  band,  and  places  the  fossil  in  the 
Devonian  System.  No  such  fossil  is  known  to  occur  in  the  Devonian 
System  in  this  country.  His  description  is,  '^  cellules  longues,  plac^ 
aux  saillant  d'une  spirale,  autour  d'une  tige  allongee."  It  is  quite 
unnecessary  to  say  that  the  Archimedes  of  the  carboniferous  limestones 
exhibit  no  characters  corresponding  to  this  description ;  and  the  pale- 
ontologists of  our  country  who  are  disposed  to  adopt  the  name  of 
"  Archimedipora  "  will  do  well  to  compare  the  generic  characters  given 
by  M.  D'Orbigny  with  the  fossil  itself. 
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Below  are  given  some  of  the  characters  of  a  few  species  kDown  to 
me  at  the  present  time.  These  are  given  here  for  the  purpose  of  call- 
ing the  attention  of  geologists  and  collectors  to  these  fossils,  with  a  hope 
that  they  may  prove  useful  in  the  identification  of  strata,  and  that 
materials  may  he  obtained  for  a  more  complete  illustration  of  this 
peculiar  group  of  Fenestettida, 

Fenestella  (Archimedes)  Owenana.  Axis  slender,  the  spire 
rapidly  ascending ;  branches  rounded  and  sub-angular  on  the  ccUulif- 
erous  side ;  cells  in  two  rows,  one  on  each  side  of  the  branches ;  con- 
necting processes  slender,  and  rather  distant 

In  the  Keokuk  limestone,  Keokuk,  Iowa,  and  at  Appanoose, 
Illinois. 

Fenestella  (Archimedes)  Wortheni.  Axis  strong,  robust, 
having  a  little  more  than  three  turns  of  the  spiral  to  an  inch,  where 
the  axis  is  one  fourth  inch  in  diameter ;  expanded  portion  with  small 
oval  fenestrules,  and  strong,  closely  arranged  connecting  processes. 
Branches  rounded  on  the  celluliferous  side,  with  a  faint,  sharp,  mean- 
dering ridge  down  the  middle,  which  is  sometimes  thickened  ;  rows  of 
cells  two  or  more.     Cells  sometimes  occur  on  the  connecting  processes. 

In  the  Warsaw  limestone,  Warsaw,  Illinois. 

Fenestella  (Archimedes)  Swallovana.  Axis  slender,  finely 
striated ;  spiral  rapidly  ascending,  about  six  turns  in  an  inch,  where 
the  axis  is  one  eighth  inch  in  diameter;  branches  oomparatiyelj 
strong,  rounded  below,  sub-angular  above ;  connecting  processes  slen- 
der; cells  in  two  rows  near  the  base,  —  outer  ones  unknown. 

In  the  limestones  of  Kaskaskia  and  Chester,  Illinois,  and  Crittenden 
county,  Kentucky. 

Fenestella  (Archimedes)  Meeeana.  Axis  slender,  dextral,  rap- 
idly ascending;  making  five  revolutions  of  the  spiral  in  an  inch,  where 
the  diameter  is  one  sixteenth  of  an  inch ;  fenestrules  oval  or  oblong ; 
cells  in  two  rows,  there  being  two  on  each  side  of  the  branch  in  the 
space  of  each  fenestrule,  and  rarely  another  at  the  junction  of  the  con- 
necting process  with  the  branch. 

This  species  is  much  more  slender  than  either  of  the  preceding,  and 
is  readily  distinguished  by  the  rapidly  ascending  spire. 

In  the  Kaskaskia  limestone,  Chester,  Illinois. 

Fenestella  (Archimedes)  laxa.  Axis  very  slender,  sinistral 
rapidly  ascending,  making  one  revolution  in  an  inch ;  fenestrules  oblong- 
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oval  or  subquadrangular ;  cells  in  two  rows,  closely  arranged;  aper- 
tures elevated ;  axis  and  exterior  of  branches  finely  striated. 

In  the  Kaskaskia  limestone,  Chester,  Illinois. 

There  are  other  species,  of  which  I  have  fragments  too  imperfect 
for  a  satisfactory  determination.  The  direction  of  the  spiral  axis  may 
be  either  dextral  or  sinestral,  in  different  species,  and  we  have  evidence 
that  this  character  differs  in  the  same  species,  and  in  the  same  indi- 
vidual. 

There  are,  likewise,  other  forms  of  Fenestella  in  the  Kaskaskia 
limestone,  in  which  the  reticulate  expansion  is  arranged  between  the 
branches  of  a  strong  stem,  which  bifurcates  from  the  base :  and  others 
in  which  this  thickened  portion,  corresponding  to  the  axis  of  those 
above  described,  occurs  only  on  one  side.  Were  the  axis,  or  strong 
support,  to  give  the  character,  these  species  would  constitute  a  group 
equally  distinct,  as  Archimedes,  from  the  usual  forms  of  Fenestella, 
and  which  might  be  designated  under  the  name  of  Lyropoba,  pos- 
sessing the  following  characters. 

Bryozoum  consisting  of  foliate  reticulated  expansions,  margined  on 
either  side  by  strong  stony  supports  which  diverge  from  the  base,  curv- 
ing outwards  and  upwards.  The  foliate  expansion  is  spread  out  be- 
tween these  diverging  arms,  which  are  themselves  formed  by  the 
coalescing  and  thickening  of  the  branches. 

The  growth  of  these  stony  supports  is  sometimes  direct,  or  in  a  line 
parallel  with  the  point  of  attachment ;  and  in  other  species  there  is 
first  a  receding  of  the  whole  from  that  point,  an  extreme  thickening  of 
the  support  on  one  side,  and  a  gradual  narrowing  to  the  opposite  mar- 
gin where  the  branches  originate.* 

Fenestella  (Jbyrofpord)  Lyra.  Bryozoum  composed  of  strong, 
solid,  or  stony  support  which  bifurcates  from  a  slender  base,  and,  curv- 
ing at  first  abruptly  outward  and  upwards,  continues  gradually  diverging 
above ;  the  space  between  the  two  branches  occupied  by  a  reticulate 
expansion,  consisting  of  strong  diverging  branches  and  more  slender 
connecting  processes,  leaving  small  oval  or  round-oval  interstices ;  sur- 
faces of  branches  rounded,  marked  by  four  or  ^^^  rows  of  cells. 


*  These  bifurcating  processes,  with  the  point  of  attachment,  resemble  the  lower  jaw 
of  the  common  frog,  and  are  known  along  the  Mississippi  valley  as  the  "  Frog- 
mouth  coral." 
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In  the  Easkaskia  limestone,  Chester  and  Easkaskia,  Illinois. 

Fenestella  {Lyropara)  quingoncialis.  Base  strcHig,  broadly 
rounded,  point  of  attachment  obtuse ;  fenestrules  on  the  non-poiiferous 
side  nearly  round,  on  the  poriferous  side  sobquadrangular ;  branches 
slender,  divergent,  and  bifurcating,  on  the  celluliferoos  side  rounded, 
with  an  irregular  double  row  of  cellules,  and  sometimes  only  a  simple 
row  on  the  centre  of  the  branch. 

The  cellules  are  usually  arranged  one  on  each  side  of  the  branch  in 
the  middle  of  the  fenestrule,  and  one  on  each  side  at  the  juncticxi  of  the 
connecting  process,  which  are  more  conspicuous  than  the  others ;  thus 
giving  one  more  conspicuous  cellule  in  each  angle  of  the  fenestrule. 
This  arrangement,  and  the  oblique  direction  of  the  branches^  give  a 
beautiful  quincunx  arrangement  to  both  cellules  and  fenestrules. 

Fenestella  {Lt^ropara)  subquadrans.  Bryozoum,  with  the 
lateral  supports  nearly  direct  from  the  base,  diverging  at  an  angle  of 
more  than  80°;  foliate  expansion  extending  beyond  the  lateral  pro- 
cesses ;  branches  somewhat  strong  and  rounded  on  the  non-poriferoos 
side ;  connecting  processes  short ;  branches  on  the  poriferous  side  flat- 
tened, with  the  pores  somewhat  irregulf^ly  distributed  in  four  rows ; 
fenestrules  on  the  non-poriferous  side  somewhat  oblong-oval,  or  sab- 
quadrangular  ;  fenestrules  on  the  poriferous  side  oval,  smaller  than  on 
the  non-poriferous  side. 

In  the  Easkaskia  limestone,  Chester,  Illinois. 


6.  On  the  Relations  op  the  Fossil  Fishes  of  the  Sandstone 
OP  Connecticut,  and  other  Atlantic  States,  to  the 
LiAssic  AND  JuBAssic   Pebiods.     By  W.  C.  Redfield,  of 

New  York. 

In  the  publications  of  Professor  W.  B.  Rogers,  and  Mr.  E.  Hitdi- 
cock,  Jr.,  on  the  red  sandstone  formations  of  Connecticut,  New  Jersey, 
and  other  States,  founded  on  some  of  their  contained  fossils,  a  higher 
geological  position  than  that  of  the  new  red  sandstone  has  been  as> 
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signed  by  these  writers.*  Without  questioning  their  conclusions,  I 
would  state  that  we  consider  the  fossil  fishes  of  these  rocks  as  the  most 
characteristic  and  reliable  fossils  for  determining  the  age  of  the  forma- 
tion. The  determinative  value  of  these  fossils  is  perhaps  enhanced, 
also,  by  the  small  vertical  range  to  which  some  of  the  species,  and  at 
least  one  of  the  genera,  are  probably  limited.  But  these  fishes,  al- 
though numerous,  as  well  as  characteristic,  do  not  appear  to  have 
been  referred  to,  in  any  manner,  by  the  above-named  writers. 

Attention  is  invited,  therefore,  to  a  descriptive  account  of  one  genus 
or  group  of  these  fishes,  which  was  read  to  the  New  York  Lyceum  of 
Natural  History,  in  December,  1836,  by  Mr.  John  H.  Redfield,  and 
is  found  in  Vol.  IV.  of  the  Annals  of  that  Society.     It  was  founded 

*  Professor  W.  B.  Rogers,  on  the  age  of  the  coal  rocks  of  Eastern  Virginia. 
Am.  Jour,  of  Science,  Vol.  XLIII.  p.  175,  (1842).  Also,  in  Proceedings  of  the 
Boston  Society  of  Natural  History,  Vol.  V.  p.  14,  (1854),  E.  Hitchcock,  Jr., 
M.  D.,  in  Am.  Jour,  of  Science,  Vol.  XX.  (N.  S.),  p.  22,  (1855). 

Professor  Rogers  first  assigns  to  the  coal  rocks  of  Eastern  Virginia  a  position 
near  the  bottom  of  the  oolite  formation  of  Europe,  while  from  some  fossils  "  dis- 
covered in  a  particular  division  of  the  new  red  sandstone  of  Virginia,"  he  expects 
to  be  able  confidently  to  announce  the  "  existence  of  beds  corresponding  to  the 
Keuper  in  Europe  ; "  doubtless  in  the  extensions  of  the  New  Jersey  Sandstones  or 
Newark  Group.  I  propose  the  latter  designation  as  a  convenient  name  for  these 
rocks,  and  those  of  the  Connecticut  Valley,  with  which  they  are  thoroughly  identi- 
fied by  footprints  and  other  fossils,  and  I  would  include  also,  the  contemporaneous 
sandstones  of  Virginia  and  North  Carolina. 

At  a  later  period,  (1854,)  Professor  Rogers  recognizes  the  general  equivalency 
of  the  Eastern  and  Middle  Belts  of  Virginia,  and  the  Eastern  or  Deep  River  Coal 
Belt  of  North  Carolina,  all  of  which,  in  his  view,  ought  to  be  placed  in  the  Jurassic 
series,  not  far  probably  above  its  base.  In  relation  to  the  more  western  belt,  the 
occurrence  of  Po$idoni<B  and  Cyprida,  in  Pennsylvania,  with  sauroid  coprolitcs  and 
imperfect  impressions  of  leaves  of  Zamites,  ho  considera  as  sufficient  to  identify,  as  one 
formation,  the  disconnected  tracts  of  this  belt  in  North  Carolina  and  Virginia,  and 
the  prolonged  area  of  the  so-called  New  Red  Sandstone  of  Maryland,  Pennsylvania, 
and  New  Jersey ;  and  that  they  are  of  Jurassic  date,  but  Uttlo  anterior  to  the  coal 
rocks  of  Eastern  Virginia. 

<  Professor  fi.  D.  Rogers  (1839)  proposed  the  name  of  Middle  Secondary  to  this 
group  (for  convenience'  sake),  to  distinguish  it  from  the  Appalachian  formations  on 
the  one  hand,  and  from  the  green  sand  deposits  on  the  other.  —  Third  Report  on 
Geology  of  Pennsylvania,  p.  12. 

Mr.  Hitchcock  describes  a  new  spedes  of  Qathopteria  discovered  in  the  sandstone 
of  the  Connecticut  Valley.  This  fossil  fern,  found  near  the  middle  of  the  series  in 
Massachusetts,  he  refers  to  the  Liassic  period. 

(16) 
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upon  a  careful  comparison  of  the  genus  Caiopterus  with  the  fossil 
fishes  of  different  formations  in  Europe,  as  these  are  portrayed  in  tlie 
great  work  of  Professor  Agassiz,  then  recently  received.  Sach  por- 
tions of  the  description  and  observations  then  made  as  relate  directly  to 
the  geological  age  of  the  formation  will  now  be  quoted. 

Of  the  genus  OcUopterus,  species  C.  gracilis^  he  says  :  ^  Tail  forked, 
equilobed ;  scales  extending  a  little  upon  the  base  of  the  upper  lobe.* 
And  in  regard  to  the  equilobed  tail,  he  adds,  in  a  subjoined  note: 
^  This  indeed  is  not  strictly  the  case.  Its  structure,  however,  is  analo- 
gous to  that  of  the  Semionotusy  ranked  by  Agassi z  among  the  Homo- 
cerci,  and  differs  most  decidedly  from  that  of  the  true  Heterocerci, 
where  the  scales,  and  probably  the  vertebrae,  extend  to  the  extreme 
point  of  the  upper  lobe."     He  adds :  — 

^  In  the  arrangement  of  Agassiz,  this  fish  would  be  comprehended 
in  the  order  Ganoides,  and  family  Lepidoides,  Its  equilobed  tail 
would  assign  it  to  the  second  division  of  the  family,  the  Homocerci^  as 
he  has  termed  them.  From  seven  fusiform  genera  now  arranged  in 
this  division,  it  is  entirely  excluded  by  the  posterior  position  of  its 
dorsal.  It  may  therefore  be  ranked  between  the  genera  Semicnijlbu 
and  PhoUdophoruSy  being  analogous  to  both  in  the  struetnre  of  the 
tail,  and  in  its  serrated  fins,  and  to  the  latter,  in  the  articulation  of  the 
rays.  From  the  situation  of  the  dorsal  fin,  I  have  thought  the  name 
CcUopterus  to  be  applicable  to  this  new  genus."  —  Annais  lAfc.  NaL 
HUt.  Vol.  IV.  pp.  38  and  39. 

Nearly  twenty  years  have  elapsed  since  the  promulgation  of  these 
careful  and  apparently  conclusive  observations,  which  do  not  appear 
to  have  been  weakened  or  set  aside  by  any  subsequent  researches.  It 
is  proper  to  state  that  the  two  analogous  genera  above  mentioned,  are 
found  in  the  oolitic  series  as  well  as  in  the  lias,  and  it  is  believed  that 
few  or  none  of  the  kindred  genera  have  a  lower  range.*     The  above 

*  A  single  case  of  semi-hetcrocercal  stmcture  as  occiining  in  the  coal  rockf  of 
Autun  in  France,  was  mentioned  to  us  by  Professor  Agassiz,  in  1846.  As  we  learn 
nothing  more  of  its  appearance  in  the  palaeozoic  series,  may  there  not  possibly  be 
an  error  as  regai-ds  the  authenticity  or  position  of  this  fish  1  If  otherwise,  it  does 
not  seem  to  have  appeared  again  antil  after  the  Permian  period.  On  the  odxr 
hand,  it  appears  to  be  admitted  that  the  tme  heterocerqaes,  of  the  Palsconisciis  tjpe, 
do  not  appear  above  the  Trias,  and  I  think  they  are  not  found  above  the  Pexmian. 

It  should  be  noted  that  Sir  P.  Egerton  has  described  a  most  singular  fish  fiom 
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observations  afford  at  least  sufficient  warrant  for  the  cautious,  and  per- 
haps too  limited  inferences  with  which  Mr.  Redfield's  paper  in  the 
Annals  is  concluded,  namely :  — 

'^  It  has  of  late  years  been  generally  admitted  that  the  sandstone 
from  which  these  fishes  are  derived  is  of  much  later  date  than  the 
old  red  sandstone,  to  which  it  was  once  referred,  and  these  remains 
confirm  this  belief.  The  Palceonisct  of  Europe  (true  heterocerques), 
have  never  been  found  below  the  coal-measures,  while  they  extend 
upward  to  the  copper  slate  of  the  Zechstein  or  magnesian  limestone. 
In  the  case  before  us,  we  find  a  species  of  Pcdaoniscus  (Ischypterus) 
accompanied  by  a  fish,  the  structure  of  whose  tall  approaches  that  of 
the  PkolidophoruSy  and  of  other  fishes  never  found  below  the  lias. 
This  fact  would  seem  to  imply  for  this  formation,  even  a  higher  situa- 
tion in  the  series  than  that  which  is  now  assigned  it  by  geologists." 
—  Annalsy  etc.  p.  40. 

The  American  Association  of  Geologists  and  Naturalists  at  the 
meeting  held  in  Albany,  in  April,  1843,  requested  Mr.  John  H.  Red- 
field  to  prepare  a  report  on  the  fossil  fishes  of  the  United  States.  Plis 
report  was  presented  to  the  Association  at  New  Haven  in  May,  1845. 
It  was  withheld  from  publication  by  its  author  on  account  of  the  ex- 
pected visit  of  Professor  Agassiz  to  this  country,  and  with  a  view  of 
commending  the  whole  subject  to  his  examination.  In  the  review  of 
the  fishes  of  our  new  red  sandstone,  so  called,  the  report  stated  as 
follows :  — 

"  New  Red  Sandstone.  —  Under  this  term  I  include  the  exten- 
sive sandstone  formation  of  the  Connecticut  River  Valley ;  the  small 
and  isolated  basin  on  the  Pomperaug  River,  near  Southbury,  Conn. ; 
the  New  Jersey  sandstone,  extending  from  the  border  of  the  Hudson 
River  south-westerly,  to  the  interior  of  Virginia ;  and,  also,  the  form- 
ation known  as  the  Coal  Rocks  of  Eastern  Virginia."  —  Report,  p.  4. 

the  apper  strata  of  the  new  red,  of  a  genus  hitherto  unknown,  which  has  but  little 
irregularity  in  the  structure  of  its  caudal  base.  This  fish,  the  Dtpteronotus  cyphus, 
Eg.  is  very  short  and  broad,  with  a  double  dorsal,  and  is  altogether  so  unique  in  its 
character,  that  its  occurrence  may  be  deemed  to  affect  but  little  the  chronologic  in- 
ferences wliich  are  drawn  from  the  varied  structure  of  the  numerous  genera  and 
species  of  the  Lepidoid  family.  —  See  Geological  Journal,  1864,  p.  369:  With  a 
figure.  — W.  C.  R. 
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^'All  the  fishes  hitherto  found  in  these  rocks  belong  to  the  order 
Ganoidce^  and  to  the  family  Lepidoid<BP  —  Report^  p.  o. 

''  Professor  Agassiz  has  made  two  subdivisions  in  this,  as  in  other 
families  of  the  order  Gano%d<B,  founded  on  differences  in  the  structure  of 
the  tail.  In  the  first  of  these,  {ffeierocerct,)  the  upper  lobe  of  the  tail 
is  vertebrated,  and  is  usually  longer  than  the  lower,  and  the  scales  of 
the  body  extend  upon  the  upper  lobe  nearly  or  quite  to  its  extremity. 
The  other  division,  the  homocercij  have  the  tail  regular,  either  forked 
or  rounded,  and  the  scales  do  not  extend  upon  the  upper  lobe ;  though 
in  some  genera  they  are  slightly  prolonged  in  that  direction.  The 
fishes  of  our  sandstone*  formations  above  mentioned  would  seem  to  be- 
long to  the  first  of  these  divisions,  or  those  with  heterocercal  tails. 
They  do  not,  however,  exhibit  this  structure  in  the  same  d^ree  which 
obtains  in  the  fishes  of  the  older  European  rocks,  or  even  in  those  of 
the  new  red  sandstone  or  magnesian  limestone  of  England  and  Ger- 
many. The  only  two  genera  which  have  yet  been  found  in  our  rocks 
differ  somewhat  from  each  other  also  in  the  degree  of  heterocercal 
structure  which  they  present ;  those  species  which,  following  Frof<^sor 
Agassiz,  in  P.fidtus,  I  have  allotted  to  the  genus  PakBoniscus,  having 
the  heterocercal  structure  more  decided.  But  even  in  these,  the  tail 
has  a  different  aspect  from  the  Paltsaniaci  of  Europe.  In  the  latter, 
the  upper  lobe  of  the  tail  seems  hardly  to  partake  of  the  character  of 
a  fin,  and  the  lower  lobe  appears  to  be  only  a  finlike  appendage  of  the 
upper,  like  a  second  anal  fin,  while  the  scales,  and  no  doubt  the  verte- 
brae, extend  to  the  extreme  point  of  the  upper  lobe." 

''  The  other  genus,  the  Catopterus  of  our  rocks,  exhibits  the  hetero- 
cercal structure  in  a  still  more  modified  degree.  So  nearly  does  it  ap- 
proach in  this  respect  some  genera  classed  as  homocercal  fishes,  such  as 
Semionotus  and  PhoUdophorus,  that  in  an  early  memoir  published  in 
the  Annals  of  the  Lyceum  of  Natural  History,  Vol.  VI.,  I  was  led  to 
rank  it  in  that  division,  subject  to  a  qualifying  note.  Its  relations  are, 
however,  rather  to  the  heterocercal  fishes,  or,  perhaps,  to  an  interme- 
diate group. 

^*  This  point  is  an  important  one  in  its  bearing  upon  geological  ques- 
tions, for  it  is  now  well  ascertained  that  the  true  heterocercal  tail  [in 
the  Lepidoids]  is  peculiar  to  the  palaeozoic,  and  lower  mesozoic  rocks, 
no  fish  of  that  character  having  been  found  higher  in  the  series  than  the 
triassic  rocks,  while  the  true  [strict]  homocercal  tail  does  not  occur 


PALEONTOLOGY.  185 

below  the  lias.  When,  therefore,  we  find  in  the  fishes  of  our  sand- 
stone rocks,  a  structure  which  seems  to  be  intermediate  between  the 
true  homocercal  and  the  heterocercal  divisions  of  Agassiz,  the  conclu- 
sion seems  irresistible,  that  the  including  rock  cannot  be  older  than  the 
triassic,  while  it  must  be  placed  at  least  as  low  in  the  series  as  the  lias 
or  oolite." —  Report^  pp.  5,  6. 

**  Only  four  species  of  the  genus  Catopterus  are  yet  known ;  three 
of  which  are  found  in  the  red  sandstone  of  New  England  and  New 
Jersey,  and  the  fourth  in  the  coal  rocks  of  Eastern  Virginia."* — Re- 
port^ p.  7. 

His  descriptions  of  these  four  species  of  Catopterus  are  found  in 
the  Report,  and  were  then  prior  to  any  known  notice  or  description  of 
these  fishes,  other  than  our  own.  These  descriptions,  together  with  those 
of  the  more  numerous  species  of  the  genus  Ischypterus,  are  yet  withheld 
from  publication,  on  account  of  the  contemplated  arrangements  for  com- 
pleting a  monograph  of  the  fishes  of  this  formation  in  the  United  States- 

I  have  thus  shown  the  examinations  and  conclusions  of  Mr.  J.  H. 
Redfield  on  these  fishes,  as  first  published  in  1837,  and  as  found  in  his 
Report  to  the  American  Association,  in  1845.  In  the  first  of  these,  he 
points  out  the  age  of  the  containing  rocks,  and  within  the  same  limits 
that  now  appear  to  result  from  all  the  subsequent  researches. 

At  the  meeting  of  this  Association  held  in  Cincinnati,  in  April,  1851, 
the  present  writer  made  a  communication  on  the  Post-Permian  charac- 
ter of  the  Red  Sandstone  rocks  of  Connecticut  and  New.  Jersey,  as 
shown  by  various  fossils.  I  then  exhibited,  together  with  two  species 
of  Voltzia,  some  specimens  of  the  genus  Catopterus  from  these  rocks, 
showing  the  homology  of  their  caudal  structure  with  that  of  the  Ca- 
topterus  macrums  from  the  coal  rocks  of  Eastern  Virginia.  This  was 
induced  in  part  by  the  fact  that  Sir  Philip  Egerton,  in  a  paper  of  Sir 
Charles  Lyell,  in  the  third  volume  of  the  Journal  of  the  Geological 
Society,  had  separated  this  Virginia  species  from  its  congeners  in  the 
New  Jersey  and  Connecticut  rocks,  on  the  ground  that  the  former  be- 
longed to  the  homocercal,  and  the  latter  to  the  heterocercal  divisions 
of  Professor  Agassiz.f 

*  Others  have  since  been  obtained. 

t  Sir  Charles  LycU  On  the  Structure  and  Probable  Age  of  the  Coal-Fidda  of  Ihe 
James  River,  near  Richmond,  Virginia.  Journal  of  the  Geological  Sodety,  Vol.  Ill, 
1847,  from  pages  275  to  278. 

(16») 
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Previous,  however,  to  this  publication  of  Sir  Charles,  repeated  and 
careful  examinations,  with  Professor  Agassiz,  of  the  numerous  species 
of  Catopterus  in  my  possession,  collected  from  the  localities  of  the 
three  different  States,  had  appeared  to  establish  fully  their  similarity,  io 
respect  to  the  caudal  structure.  Also,  that  the  CcUopteri  of  all  the  locali- 
ties, including  Virginia,  might  continue  to  be  referred  to  the  homocfrei, 
as  in  the  case  of  some  European  genera,  or  that,  more  properly  both 
they  and  the  other  fishes  of  these  rocks,  might  be  referred  to  a  distinct 
and  intermediate  division,  which  is  sub-hcierocere&l  in  its  character,  if 
I  may  so  speak.  I,  therefore,  reclaim  the  Dictyopyge  of  Sir  Philip 
Egerton,  founded  on  my  species,  C.  macrurus,  as  still  belonging  to  the 
genus  Catopterus.  I  refer  to  this  matter  on  the  present  occasion  on 
account  of  the  important  relation  which  it  has  to  the  geological  age  of 
these  fishes,  as  found  in  the  several  States. 

I  may  add  in  further  explanation,  that  Sir  Charles  Lyell,  in  the 
paper  referred  to,  states  that  "  the  genus  Catopterus  was  instituted  by 
Mr.  Red  field  for  certain  species  of  heterocercal  fish  from  the  Connecti- 
cut red  sandstone."  He  seems  not  to  have  noticed  that  the  genus  was 
instituted  by  Mr.  J.  II.  Redfield,  in  1836,  for  a  homocercal  fish,  accord- 
ing to  the  analogies  afforded  in  the  Poissons  Fossiles  of  Agassiz ;  and 
he  probably  alluded  only  to  my  own  later  notices  in  Silliman's  Journal, 
1841,  Vol.  XLI.  p.  27.  All  the  fishes  obtained  by  him  from  the  sand- 
stone of  the  Connecticut  River  are  also  pronounced  heterocercal,  while 
the  Virginia  fish  is  stated  to  be  homocercal ;  and  this  is  supported  by 
the  opinions  of  Professor  Agassiz,  as  given  on  first  seeing  specimens 
of  these  fishes  in  Europe.  Based  on  this  designation,  Sir  Philip  Eger- 
ton proposed  his  new  genus  Dictyopyge  for  the  (7.  mcicrurus  of  the 
Virginia  rocks. 

In  regard  to  the  other  fishes  of  New  England  and  New  Jersey,  Mr. 
J.  II.  R.  had  reluctantly  followed  the  work  of  Professor  Agassiz  in 
assigning  them  to  the  genus  Pakeoniscus,  although  this  eminent  nat- 
uralist had  then  only  seen  two  imperfect  specimens  ;  but  Mr.  R.  then 
alluded  to  their  structural  afiinity  with  the  liassic  fishes,  as  we  have 
seen  in  his  concluding  paragraph  already  quoted,  and  impliedly  in  the 
descriptive  portion  of  his  paper.  In  my  own  notices,  of  1841,  referred 
to  above,  I  suggested  that  their  less  heterocercal  form,  and  the  pecu- 
liar structure  of  their  fins  warrant  their  being  placed  in  a  separate 
genus.     Sir  Philip  Egerton  recognizes  the  division,  as  did  Professor 


PALEONTOLOGY.  187 

Agassiz  in  1846,  and  Sir  Philip  proposes  for  the  new  genus  the  name 
Ischypterus. 

The  question  to  which  of  the  divisions  of  Agassiz,  the  Catopterus 
of  Connecticut,  and  this  fish  of  Virginia  belong,  is  simply  one  of  degree. 
Even»if  we  were  to  admit  a  slight  difference  in  this  case,  it  could  hardly 
imply  the  wide  separation  which  has  been  claimed.  Such  a  marked  di- 
vision founded  on  the  structure  of  the  tail  cannot  depend  on  the  use  of  a 
term,  however  authorized,  and  must  be  decided  by  the  fishes  themselves. 

In  regard  to  this  point  of  distinction,  may  I  not  quote  the  matured 
views  of  Sir  Philip  Jlgerton,  so  well  expressed  in  the  Journal  of  the 
Geological  Society,  1854,  p.  368:  "Although  this  character,  derived 
from  the  organization  of  the  caudal  fin,  is  one  of  great  value  and  sig- 
nificance in  the  determination  of  various  genera  of  fossil  fishes ;  it  is, 
nevertheless,  necessary,  in  drawing  general  conclusions,  to  be  careful 
not  to  assign  to  it  more  importance  than  it  is  strictly  entitled  to ;  for 
we  find,  by  the  comparison  of  several  genera,  that  it  is  not  one  of  those 
well-defined  trenchant  characters  which  can  be  affirmed  to  exist  or 
not,  as  the  case  may  be,  but  that  it  is  variable  in  amount,  passing  from 
extreme  heterocercy  to  absolute  homocercy  by  a  sliding-scale  so  grad- 
ual, that  it  is  (at  all  events  in  fossil  examples)  most  difiicult  to  define 
a  positive  line  of  demarcation  between  the  two  forms." 

As  the  terms  have  hitherto  been  used,  such  line  of  demarcation,  if  it 
exist,  appears  best  indicated  at  the  division  between  the  palaeozoic  and 
the  mesozoic  strata ;  and  perhaps  in  lesser  degree,  at  the  close  of  the 
triassic  period. 

In  all  our  Catopteri  the  scales  of  the  caudal  base  terminate  near  the 
middle  rays  of  the  upper  lobe,  "  and  not  on  the  upper  margin  as  in  a 
true  heterocerque  tail."*  Good  figures  by  Dinkel  of  the  species  C 
tnacrurtis  of  Virginia  are  given  in  the  above-mentioned  paper  of  Sir 
Charles  Lyell. 

It  has  been  seen  that  Mr.  J.  II.  Redfield  considers  the  other  fishes 
of  the  Connecticut  River  and  New  Jersey  rocks  as  more  heterocercal 
in  degree  than  the  Catopterus.  In  some  of  the  species,  however,  this 
difference  seems  less  obvious  after  a  close  examination  of  the  structure, 
than  it  appears  at  first  view.  One  or  two  of  the  species  in  my  posses- 
sion, I  think,  are  even  more  nearly  homocercal  than  the  Virginia  fish. 

*  See  Egerton  as  last  quoted,  page  370. 
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I  desire  to  add,  that  two  of  the  Lepidoti  from  the  table-land  of  Indiai, 
of  which  figures  are  given  in  the  Journal  of  the  Geological  Sodetj, 
show  very  strong  resemblances  to  two  or  three  of  my  fishes  from  the 
sandstone  of  Connecticut  River  at  Sunderland,  to  one  of  which  I  liad 
proposed  the  name  Ischypierits  Marshiu  Is  it  not  probable  that  the 
vast  extent  of  sandstone  and  trap  in  that  distant  region  is  of  like  age 
with  our  Newark  group  ? 

Already  I  have  ventured  to  state  verbally  to  the  Association,  that 
in  the  valuable  collection  of  fossils  from  the  coal-field  of  Deep  River, in 
North  Carolina,  now  exhibited  by  Professor  Emmons,  I  have  rea^- 
nized  several  well-characterized  fragments  of  the  genus-  Catopteros. 
A  close  comparison  of  these  with  specimens  in  my  cabinet  may,  per- 
haps, show  a  difference  of  species.  But  my  present  impression  is  that 
of  identity  with  one  of  the  New  Jersey  species. 

It  would  be  premature  to  conjecture  how  far  the  new  fossils  of  Pro- 
fessor Emmons  may  affect  the  question  of  the  relative  age  of  these  rocks. 
But  when  we  consider  that  these  fishes  evidently  belong  to  fresh-water 
or  estuary  deposits,  as  is  shown  by  the  entire  absence  of  any  remains  of 
large  marine  fishes,  by  an  almost  equal  absence  of  shells,  and  by  the 
numerous  fossilized  fragments  of  terrestrial  vegetation  with  which  the 
fishes  are  associated,  the  chronological  evidence  afforded  by  their  eha^ 
acteristic  organization  would  seem  to  be  more  determinate  than  that  of 
saurians,  plants,  or  marine  fishes,  whose  general  habitat  and  power  of 
distribution  enable  them  to  occupy  a  greater  range  in  the  geological 
series. 

P.  S.  It  is  proper  to  add,  that  having  now  compared  the  remains  of 
Catopterus  of  Professor  Emmons'  collection  with  my  own  specimens 
of  the  genus,  I  find  them  scarcely  distinguishable  from  most  of  those  of 
the  New  Jersey  and  Connecticut  rocks.  Indeed,  they  appear  to  be 
identical  wilh  C.  gracilis.  The  chief  differences  appear  in  the  burger 
size  of  most  of  the  Carolina  specimens,  which  may  be  due  to  conditions 
more  favorable  to  their  growth,  and  in  the  less  flattened  condition  of 
the  basal  portion  of  the  strong  and  elongate  front  ray  of  the  pectoral 
fin,  —  owing,  probably,  to  a  nearly  equal  pressure  on  all  sides  in  the 
carbonaceous  paste  or  sediment  in  which  they  were  fossihzed. 

New  Yohk,  September  12,  1856. 
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7.  On  the  Occurrence  op  Fish  Remains  in  the  Carbonife- 
rous Limestone  of  Illinois.  By  A.  H.  Worthen,  of  War- 
saw, Ulinois.      • 

The  occurrence,  in  a  fossil  state,  of  the  remains  of  fishes  in  the 
mountain  limestones  of  the  Western  States,  has,  up  to  the  present 
time,  been  regarded  as  extremely  rare,  and,  if  we  except  the  thin 
bands  of  limestone  about  to  be  described,  these  remains  are  among  the 
rarest  organic  forms  that  meet  the  eye  of  the  collector  in  his  re- 
searches among  the  several  beds  that  compose  the  sub-carboniferous 
or  mountain  limestone  series  of  the  region  under  consideration. 

Several  years  since,  while  engaged  in  collecting  the  fossils  of  this 
formation  in  the  vicinity  of  Warsaw,  111.,  a  thin  band  of  gray  crinoidal 
limestone  was  observed,  which  contained  the  palatial  bones  offish  in  con- 
siderable abundance,  and  subsequent  research  has  revealed  two  more 
of  these  ^^  platforms  of  deathj^  lower  down  in  the  series,  densely  filled 
with  these  remains.  The  subjoined  section  gives  the  relative  thick- 
ness and  succession  of  the  series  in  this  vicinity,  and  also  shows  the 
position  of  the  fish  beds. 

The  upper  fish  bed  is  situated  in  the  upper  part  of  what  I  shall  call, 
for  the  want  of  a  better  name,  the  Lower  Archimides  Limestone,  inas- 
much as  it  is  the  lowest  bed  at  present  known  to  contain  fossil  corals 
of  the  genus  Archimedes.*  The  remains  from  this  bed,  with  one  or 
two  exceptions,  consist  entirely  of  palate  teeth  associated  with  Cya- 
thophylla-formed  corals,  Spirifer  Oralis,  and  Spirifer  Cuspidatus.  The 
middle  fish  bed  is  situated  at  the  base  of  this  Archimedes  limestone,  and 
near  its  junction,  with  the  cherty  beds  below.  This  bed  has  proved 
by  far  the  most  prolific  in  these  remains,  and  from  it  I  have  obtained 
more  than  ^^e  hundred  well  preserved  teeth  at  a  single  locality  and 
on  a  surface  not  exceeding  ten  feet  square.  The  fossils  from  this  bed 
are  mostly  jaw  teeth  with  comparatively  few  palate  teeth  and  spines. 

*  A  peculiar  fonn  of  Fsnsstblla.    See  a  description  of  species  in  this  volume. 
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The  matrix  in  which  they  are  imbedded  is  a  coarsely  granular  cri- 
noidal  limestone  not  exceeding  four  inches  in  thickness,  and  sometimes 
so  friable  as  to  be  easily  crumbled  between  the  fingers.  This  charac- 
ter of  the  matrix  enables  the  collector  to  obtain  these  delicate  and 
beautiful  fossils  in  a  rare  state  of  preservation.  In  addition  to  the 
Cyathophylla-formed  corals  mentioned  dbove,  as  ogcurring  in  the  upper 
bed,  we  have  in  this  an  interesting  coralline  form,  occurring  in  equal 
abundance  and  belonging  to  a  genus  with  which  I  am  unacquainted. 
I  have  also  obtained  the  head  of  one  species  of  Actinocrinus  from 
this  strata.  This  bed  is  separated  from  the  one  above  by  the  lime- 
stones and  marlites  of  the  Keokuk  quarries,  from  twenty-five  to  thirty 
feet  in  thickness. 

The  lower  fish  bed  is  situated  near  the  top  of  the  Burlington  cri- 
noidal  limestone,  and  the  strata  in  which  the  fish  remains  occur  do 
not  differ  materially,  either  in  their  lithological  or  paleontological  char- 
acter, from  the  associated  strata.  This  crinoidal  limestone  forma  the 
base  of  the  mountain  limestone  series  in  this  region,  and  rests  directly 
upon  rocks  equivalent  to  the  Portage  and  Chemung  groups  of  New 
York. 

This  lower  bed  has  yielded  a  great  number  of  teeth,  though  they 
are  usually  of  smaller  size  than  in  the  upper  beds.  This  stratum  was 
first  observed  at  Quincy,  111.,  and  subsequently  has  been  recognized  in 
Henderson  county,  in  the  same  State,  and  at  Augusta,  in  Iowa,  points 
nearly  one  hundred  miles  distant  from  the  one  first  named,  showing,  as 
I  think,  that  these  fish  beds  are  not  local,  but  retain  their  peculiar 
fossiliferous  character  over  a  considerable  geographical  extent  of  terri- 
tory. In  addition  to  the  fine  teeth  and  spines  which  have  been  obtain- 
ed from  this  bed,  it  has  also  afforded  one  well-marked  bone  nearly 
four  inches  long. 

From  the  specimens  before  us,  it  would  seem  that  the  fishes  of  the 
sub-carboniferous  era  increased  in  size  from  the  commencement  to  the 
end  of  that  period,  and  that  by  far  the  greater  portion  of  them  were 
cartilaginous,  only  two  well-marked  bones  having  been  obtained  among 
at  least  one  thousand  well-preserved  teetli. 

The  Pentremital  and  Archimedes  limestones  of  southern  Illinois, 
which  form  so  striking  a  feature  in  the  geology  of  that  region,  and 
which  properly  overlie  those  in  this  section,  wedging  out  in  a  north- 
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erlj  direction,  and  entirely  disappearing  before  reaching  the  mouth  of 
the  Illinois  River,  have  afforded  us  several  very  fine  specimens  of 
fish  remains ;  but  a  very  careful  examination  has  not  yet  revealed  any 
strata  in  which  they  occur  in  such  profusion  as  in  the  lower  beds. 

In  the  more  southern  extension  of  this  formation,  through  Tennes- 
see and  North  Alabama,  notwithstanding  the  greatly  increased  thick- 
ness of  these  beds,  attaining,  as  they  do,  in  the  valley  of  the  Tennes- 
see River,  a  maximum  of  more  than  one  thousand  feet,  these  remains 
are  exceedingly  rare,  and  a  careful  research  of  several  days  during  the 
past  winter  yielded  only  three  or  four  specimens  of  this  class  of  fossils. 

An  interesting  inquiry  suggests  itself  as  to  the  causes  which  led  to 
the  destruction  of  such  great  numbers  of  the  vertebrated  inhabitants  of 
the  ocean  during  the  deposit  of  the  thin  bands  of  limestone  in  which 
their  remains  are  entombed  in  such  profusion.  Unlike  the  ichthyolites 
of  the  old  red  sandstone  below,  and  the  lias  and  chalk  above,  those  of 
the  mountain  limestone  now  before  us,  only  occur  in  the  fragmentary 
condition  of  isolated  teeth  and  spines,  affording  in  themselves  no  clue 
to  the  causes  which  may  have  operated  in  their  destruction,  and  leav- 
ing us  to  conjecture  whether  they  fell  victims  to  the  ravages  of  disease, 
or  were  destroyed  by  the  sudden  injection  of  heated  water  or  noxious 
gases  into  the  ocean  which  they  inhabited. 

For  the  want  of  the  necessary  authorities  on  this  branch  of  paleon- 
tology, and  having  had  no  opportunity  of  comparing  our  specimens 
with  those  already  described  from  European  localities,  we  have  not 
attempted  to  determine  how  many  of  our  fossils  can  be  identified  with 
European  species.  Nevertheless,  we  may  reasonably  expect,  that 
when  our  collections  from  the  mountain  limestone  and  coal-measures 
of  the  Mississippi  Valley  come  to  be  fully  collated  and  determined, 
many  new  species  will  be  added  to  those  already  known  to  occur  in 
the  upper  paleozoic  series. 
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Section  of  the  Suh- Carboniferous  or  Mountain  lAmeslane  Series  ( 
in  the  River  Bluffs  in  Adams  and  Hancock  Counties^  Illinois^  show- 
ing the  position  of  the  Fish  Beds. 


Fish  beds. 

Middle 
Fish  beds. 

Lower 
Fish  beds. 

ThiekiMM. 

25  feet. 

30  feet. 

10  feet. 

45  feet. 

40  feet. 

70  feet. 

100  feet. 

• 

Coal  Measures. 

Concretionarj  and  Brecdated 
Limestone. 


Arenaceons  Limeatones  and 
Marlj  Clavs  with  Ardiime- 
dea. 


Magnesian  bed. 


Geodebed. 


Lower  Archimodea  Limestone. 


Cherty  beds. 


Qoincy  and  Buriington. 
Crinoidal  Limestone. 
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1.  On  the  Names  op  Animals  and  Plants,  with  Reference 
TO  THE  Origin  op  Languages,  and  to  the  Countries 
WHERE  Nations  passed  their  Childhood.  By  Dr.  David 
F.  Weinland,  of  Cambridge,  Mass. 

Evert  European  naturalist,  who  comes  to  North  America,  must  be 
struck  with  the  fact,  that  the  Anglo  Saxon  race,  which  has  had  possession 
of  this  continent  for  three  centuries,  has  not  formed  new  names  for  the 
new  animals  and  plants  of  the  country ;  but  —  with  the  exception  of 
some  artificial  and  some  Indian  names  —  has  applied  and  still  uses 
throughout,  old  English  names  for  the  American  animals,  though  the 
latter  are  nearly  all  quite  different  from  those  animals  to  which  the 
names  originally  belonged.  Such  names  are,  for  instance.  Bear,  Bad- 
ger, Catamount,  Mole,  Deer,  Chamois,  Buffalo,  Rabbit,  Porcupine, 
Bobin,  Quail,  Grouse,  Cuckoo,  Goatsucker,  Jay,  Shrike,  Starling, 
Linnet,  Groldfinch,  Wren,  Sparrow,  Pigeon,  Turtledove,  Coot,  Rail, 
God  wit,  Bittern,  Widgeon,  Teal,  Lizard,  Adder,  Toad,  Treetoad, 
Salamander,  Perch,  Bass,  Gurnard,  Sculpin,  Mackerel,  Blenny,  Barbel, 
Hake,  Flounder,  Sole,  Eel,  Lamprey,  etc.,  all  of  which  are  applied  in 
the  American-English  language,  to  animals  specifically  or  even  gener- 
ally different  from  the  European  animals  which  they  designate  in  Eng- 
land. Thus,  for  instance,  Robin  means  in  America,  Turdus  migra- 
torias,  a  bird  belonging  to  the  thrush  family,  while  in  England  it  is 
used  to  designate  Sylvia  rubecula,  which  belongs  to  the  warblers ;  the 
name  Partridge  means  in  England  a  bird  belonging  to  the  Perdicid, 
(Quails,  etc.),  in  America  a  Tetraonoid. 

Starting  from  this  fact,  we  Rave  been  naturally  led  to  consider  the 
names  of  animals  in  other  languages,  and  we  have  been  surprised,  that 
in  all  those  to  which  we  have  referred  which  belong  to  the  Teutonic,, 
the  Pelasgic,  and  Semitic  stock,  we  find  the  same  fact,  namely,  that 
every  nation  has,  only  for  the  animals  and  plants  of  its  native  country, 
real  roots  of  words,  which  express  one  typical  kind  of  animals  or  plants 
and  nothing  else ;  and  that  no  nation  has  a  peculiar  true  name  for  any 
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foreign  animal  or  plant,  but  that  it  either  applies  to  these  names  of  its 
natiTe  animals,  or  it  borrows  the  names  from  another  nation ;  or  uses  com- 
paring, artificial  names,  like  Guinea-pig  (German :  Merschweincbeo), 
Camelopard,  Nile-horse  (Greek :  Hippopotamus,  German :  Nilpferd)) 
Sea-horse  (German :  Walross),  etc  How  names  are  borrowed  by 
different  languages  we  see  particularly  in  the  most  striking  representir 
tives  of  the  animal  kingdom.  The  name  lion  in  Grerman;  love, 
leu,  in  Old  German;  lewo,  in  Anglo-Saxon,  lio;  leon,  in  Doteh; 
leeu,  leeuw,  in  Swedish ;  leion,  in  Danish ;  loeve,  in  Icelandic ;  leo, 
lion,  in  Polish ;  lew,  in  Bohemian ;  leo,  in  Latin ;  in  the  Romanic  lan- 
guages, (French,  Spanish,  and  Portuguese,)  lion  is  a  Greek  root^word, 
Xioav  (leon).  The  Semitic  languages  have  other  roots  for  the  same  ani- 
mal ;  in  Hebrew  arf  means  the  male,  labi  the  female,  and  gor  tbe 
young.  Now  we  know  that  the  lion  is  a  native  of  Greece ;  that  it  has 
lived  within  historic  times  in  Macedonia,  therefore,  it  has  a  true  name 
in  the  Greek  language ;  we  know  further,  that  it  now  lives  all  over 
that  part  of  Asia  and  Africa  which  seems  to  be  the  cradle  of  the 
Semitic  nations,  namely,  in  Syria,  Arabia,  and  Egypt,  therefore  the 
Semitic  nations  have  another  true  name  for  it ;  and,  further,  they  han 
three  such  names  for  the  different  sexes  and  ages ;  we  know,  too,  that 
the  lion  never  lived  in  Central,  or  Northern,  or  Western  Europe,  there- 
fore neither  the  Teutonic  nor  Sclavonic  languages  have  true  names  of 
their  own  for  this  typical  animal ;  they  have  borrowed  the  name  from 
the  Greek,  the  nearest  nation  which  had  the  lion  native.  Hie  tiger, 
an  animal  as  typical  as  the  lion,  has  no  original  name  in  any  Euro- 
pean language,  nor  has  it  in  the  Hebrew,  for  the  tiger  is  not  (as  stated 
in  some  dictionaries)  from  a  Hebrew,  but  from  a  Persian  root  Now 
this  agrees  again  exactly  with  the  geographical  distribution  of  the  ani- 
mal. Though  it  lives  all  through  the  middle  of  Asia  from  Hindostan 
to  Siberia ;  it  does  not  live  in  Syria  nor  in  Egypt,  therefore  it  has  no 
name  in  the  Semitic  language.  Moreover,  it  does  not  occur  in  Europe, 
therefore  it  has  no  name  in  the  Palasgic,  or  Teutonic,  or  Celtic.  AI 
these  nations  have  borrowed  the  name  from  that  Persian  root  The 
elephant  is  another  striking  example.  Its  name  is  from  either  a  sonth- 
em  or  south-western  Asiatic  root,  or  it  is  borrowed  from  the  Hebrew 
aleph,  which  means  an  ox.  The  elephant  is  an  inhabitant  of  southern 
Asia,  and  if  the  name  is  really  of  Hebrew  origin,  it  shows  that  the 
Hebrews  compared  it  with  their  own,  because  the  elephant  never  lired 


Z00L06T.  195 

in  the  native  country  of  the  Semitic  nations,  and  they,  therefore,  have 
no  true  name  for  it.  Another  example  is  the  name  camel.  This 
has  a  Semitic  root,  in  Hebrew  it  is  Gamal.  The  animal  is  a  native 
of  the  Semitic  country,  and,  therefore,  it  has  there  a  true  name, 
while  all  European  languages  have  borrowed  the  name  from  the 
Semitic,  because  the  camel  never  lived  wild  in  Europe.  In  order 
to  be  rightly  understood  we  must  notice  here  a  mistake,  which  we 
Bee  sometimes  made  by  philologists.  The  fact  that  the  name  of  an 
animal  or  a  plant  isr  common  to  two  or  three  or  more  different  languages, 
is  often  used  to  prove  that  those  languages  have  some  affinity  to  each 
other.  The  names  elephant,  tiger,  and  camel,  are  common  to  the  Fa- 
lasgic,  Teutonic,  and  Celtic  languages.  Does  that  show  any  affinity  be- 
tween these  languages?  To  us  it  shows  nothing  else  than  that  all 
these  diffisrent  nations  have  taken  the  name  with  the  thing  from  that 
nation  which  first  had  it.  If,  as  lias  been  stated,  the  name  cow  is  com- 
mon to  the  languages  of  all  thosB  nations  which  liave  cows,  this  shows  to 
us  not  an  affinity  of  the  languages,  but  only  that  the  cow  lived  wild  in  the 
native  country  of  one  single  nation,  and  that  hence  it  has  been  carried 
to  other  nations,  and  its  name  with  it.  But  sometimes  nations  really 
seem  to  make  new  names  for  foreign  animals,  either  because  they 
do  not  know  the  names  used  in  the  country  where  the  animal  origi- 
nates, or  because,  perhaps,  that  name  has  too  strange  a  sound.  But 
what  are  the  names  thus  made !  They  never  are  true  new  names, 
they  are  mostly  artificial,  comparing  names,  such  as  Nile-horse,  or  hippo- 
potamus, for  that  heavy  pachyderm  of  Africa,  which  has  hardly  any  re- 
semblance to  a  horse,  or  Guinea-pig  for  that  little  knowing  animal  from 
Brazil,  or  camelopard,  also,  as  the  ancients  called  the  Giraffe,  compar- 
ing it  to  a  camel  and  to  a  panther ;  or  Sea-cat  as  the  Germans  call  the 
long-tail  monkeys,  because  they  saw  them  coming  over  the  sea,  and 
compared  them  with  cats ;  or  earth-apples,  as  in  some  parts  of  Ger- 
many the  potatoes  are  called,  etc.  These  examples  show  how  much 
nations  strive  to  reduce  the  names  of  all  foreign  animals  and  plants  to 
those  of  such  as  are  native  with  them,  and  they  oflen  even  go  so  far  in 
this  as  to  apply  the  names  of  their  native  animals  and  plants  to  for- 
eign ones  which  are  entirely  different.  This  has  been  done  to  a  great 
extent  by  the  Anglo-Saxops,  as  they  have  come  over  from  England 
to  North  America.* 

*  See  the  names  mentioned  above,  robin,  etc. 
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Now  if  this  be  true,  if  nations  have  only  tnie  names  for  the  animab 
which  inhabit  their  own  country ;  moreover,  if  it  be  true,  as  all  phi- 
lologists believe,  that  a  nation  can  originate  root  words  only  in  its 
childhood,  while  forming  its  language,  we  can  draw  the  important  con- 
clusion, that  wherever  we  find  a  nation  which  hcu  true  name*  far  aH  the 
typical  animals  and  plants  of  a  certain  country,  thctt  country  is  the  seal 
of  its  childhood. 

Thus  zoology  and  botany  and  philology  combined,  may  help  ethnog- 
raphy in  determining  the  cradles  of  the  nations  of  the  earth.  We 
purposely  say  the  cradles,  not  the  birthplaces,  because  our  ailments 
do  not  reach  farther  back  than  to  the  childhood,  that  is,  the  time  in 
which  a  nation  forms  its  language  by  originating  root  words. 

Now  is  this  principle  a  practical  help  in  our  investigations  ?  We 
have  tried  it  with  language  with  which  we  are  best  acquainted,  the 
German,  and  have  found  the  remarkable  fact,  that  the  high  German 
language,  which  has  a  true  name  not  only  for  all  the  typical  mammalia, 
birds  and  reptiles,  (but  also  for  all  the  different  fresh-water  fishes 
of  southern  Germany,)  has  not  any  true  name  for  the  most  character- 
istic mammalia,  birds  and  fishes  of  those  very  seas  which  border 
upon  lower  Germany.  All  these  animals  have  only  comparing  names, 
such  as  Seehund  (sea-dog)  for  seal,  Seeschwein  (sea-hog)  for  dol- 
phin, Seeigel  (sea-urchin)  for  the  echinus,  Seestern  (sea-star)  for  the 
star-fish,  Seeteufel  (sea-devil)  for  Lophius,  Seenadel  (sea-needle)  for  the 
Syngnathus  or  needle  fish,  etc.  This  fact  seems  to  me  to  show,  that 
the  High  German  language  is  the  language  of  a  continental  nation 
which  lived  its  childhood  in  southern  Germany.  How  far  this  is  tnie 
for  the  Low  Geiman  and  the  Anglo-Saxon,  we  are  at  a  loss  to  say. 
They  seem  to  have  many  true  names  for  the  sea  animals,  such  as 
seal,  and  many  others ;  but  the  question  arises,  then,  whether  they  have 
not  taken  those  names  from  a  nation  which  lived  upon  those  sea-shores 
before  they  came  there.  This  question  must  arise  because  there  are 
still  so  many  typical  sea  animals  for  which  they  use  only  comparing 
names.  But  we  have  no  doubt,  that  the  Laplander  has  true  names  for 
all  his  sea  animals. 

We  see  from  these  considerations  what  value  there  would  be  in  a 
critical  catalogue  of  the  names  of  animals  and  plants  which  would  in- 
dicate exactly  the  kind  of  animals  or  plants  meant  by  a  given  name, 
and  also  tell  the  geographical  distribution  of  each.     Such  a  dictionary 
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might  also  be  of  philological  value  in  relation  to  the  origin  of  many  verbs. 
In  Fanning  through  a  Hebrew  dictionary  for  names  of  animals  and  plants, 
we  found  that  the  author  (Simonis)  tried  to  carry  back  every  name  to  a 
verb  ;  thus  he  derives  anaphah,  the  heron,  from  anaph,  to  be  in  wrath ; 
athon  from  athan,  to  walk  away  slowly ;  cariack,  serpent,  from  carack, 
to  %  away  quickly  ;  and  in  the  same  manner  we  find  such  names  treated 
in  dictionaries  of  other  languages.  Now  we  may  justly  ask ;  —  Which  is 
the  more  natural,  that  men,  in  the  state  of  nature,  first  make  verbs  and 
then  derive  from  them  the  names  of  the  animals,  or  that  they  first  name 
the  animals  which  live  around  them,  by  a  certain  sound,  and  afterwards 
derive  a  verb  from  that  sound,  a  verb  which  expresses  very  naturally  the 
most  striking  character  of  that  animal  ?  We  deem  the  latter  process  the 
more  natural  Thus  we  might  rather  derive  carack,  "to  fly  quick 
away,"  from  cariack,  the  serpent,  than  inversely.  We  have  no  doubt 
that,  at  least  in  Hebrew,  many  verbs  are  still  to  be  recognized  as  de- 
rived from  names  of  animals. 

I  have  begun  to  collect  materials  for  a  catalogue  of  the  names  of 
animals  and  plants,  as  spoken  of  above  ;  and  I  shall  be  glad  to  receive 
information  and  contributions  from  all  those  who  are  interested  in  the 
subject.  When  the  work  is  published,  the  name  of  the  contributor 
will  be  given  as  authority  for  the  statement 


2.  On  the  Digestive  Apparatus    op  the  Acanthocephala. 
By  Dr.  David  F.  Weinland,  of  Cambridge,  Mass. 

The  anatomy  of  a  worm  would  seem  perhaps  to  many,  a  matter  of 
not  very  great  importance.  But  those  who  have  followed  the  devel- 
opment of  science  know  that  correct  observations  made  upon  the  so-called 
lower  animals,  are  oflen  the  starting  points  for  the  most  beautiful  gen- 
eralizations, and  afford  the  most  simple,  and  therefore  the  broadest, 
basis  for  the  physiological  understanding  of  animal  life.  For  in  these - 
lower  animals,  in  a  worm,  for  instance,  we  have  all  the  physiological 
systems,  the  reproductory  as  well  as  the  digestive  and  respiratory  %r- 
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gans  in  the  simplest  form,  and  we  can  see  thcna  all  acting  together  in 
one  field  of  the  microscope. 

Some  years  since  a  remarkable  discovery  (the  penetration  of  the 
Spermatozoa  into  the  egg),  was  made  on  an  intestinal  worm,  and  dow 
this  fact  has  become  a  law  extending  very  likely  throughout  the  ani- 
mal kingdom.  This,  I  think,  is  the  true  view  of  the  so-ealled  lower 
animals  and  of  the  study  of  their  organization. 

In  spite  of  the  labors  of  centuries,  there  still  remains  a  large  number 
of  animals  which  are  said  to  have  no  distinct  digestive  apparatus. 
And  this  is  certainly  true  of  the  microscopic  Rhizopodes,  an  order  of 
Infusoria,  which  may  rightly  be  called  Protozoa,  since  we  have  not 
yet  been  able  to  bring  them  under  the  head  of  either  of  the  four  great 
branches  of  the  animal  kingdom.  These  Rhizopodes  feed,  as  my  friend 
Edward  Claparede,  of  Berlin,  discovered  some  years  ago,  by  throwing 
all  their  body  over  their  prey,  (generally  another  Infusorium,)  which  then 
at  once  appears  in  the  midst  of  the  body  of  the  Rhizopod  and  is  some 
minutes  after  a  shapeless  ball  of  food.  Now  these  Rhizopods  realij 
consist  of  nothing  but  a  viscous  mass  of  the  most  variable  form,  with- 
out a  membrane  around  the  body,  but  with  a  heart,  if  we  may  call 
such  a  roundish,  reddish  dot,  pulsating  at  fixed  intervals,  from  which 
the  intestine  fluid  seems  to  start. 

We  see  here  the  lowest  form  of  animal  life,  and  in  looking  at  such  a 
simple  development  of  all  the  physiological  organization,  we  are  not  at 
all  astonished  to  find  no  distinct  intestine.  It  is  equally  true  that  such 
an  intestine  does  not  exist  among  many  of  the  Radiata,  the  Polypi,  for 
instance ;  and  now  there  are  said  to  be  even  among  Articulata,  some 
animals  which  are  destitute  of  a  distinct  digestive  apparatus.  Thus 
-among  Helminthes  or  intestinal  worms,  no  mouth  or  intestine  has  y^ 
been  found,  either  in  the  group  of  Cestoda  (tape-worms),  or  that  of 
.the  Acanthocephala  or  Echinorhynchi.  These  worms  are  said  to  feed 
by  imbibition  through  the  skin.  Of  the  Acanthocephala,  a  large  spe- 
cies of  which  is  very  common  in  the  intestine  of  the  hog,  Dujardin,  in 
1845,  says:  ^^Animaux  sans  bouche  et  sans  tube  digestive;  se  Door- 
rissant  par  absorption."  •  Blanchard,  in  1848,  who  succeeded  in  in- 
jecting the  circulatory  apparatus  of  many  Helminthes,  says  of  these 


*  See  Histoire  Naturelle  dee  Helminthes,  p.  483. 
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worms :  "  Point  d'  ouverture  buccale,  point  de  tube  digestif."  *  O. 
T.  von  Siebold,  in  1848,  says :  "  Bel  den  Ecbinorhynchen  wird  hocbst 
wahrscheinlicb  die  Zufuhr  von  Nahrungsstoffen  vermittelst  der  Ein- 
saugungskrafl  der  Hautbedeckung  vermittelt."  f  IXestng,  in  bis 
Systema  Helmintbum  Vindobonae,  1851,  Vol.  II.  p.  18,  says:  "Os  in 
proboscidis  apice;  Tractus  intestinalis  proprius  nuUus."  Thus  all 
these  helminthologists  agree  in  this,  that  there  is  in  Acanthocephala  no 
intestinal  canal ;  though  Diesing,  in  opposition  to  the  others,  speaks  of 
a  mouth  on  the  top  of  the  proboscis,  which,  however,  as  Siebold  has 
already  observed,  and  as  we  can  fully  confirm,  is  a  mistake,  there  be- 
ing but  a  pit  in  that  place,  and  no  opening  at  all. 

I  hope  to  throw  in  the  following  observations  some  light  upon  this 
subject,  namely,  to  show  that  there  exists  in  Acanthocephala  a  real 
nutritive  system  which  takes  up  food  from  outside,  consisting  of  two 
rather  long  stomachs  hanging  down  from  the  head  into  the  cavity  of 
the  body,  starting  from  two  mouth-openings  near  the  basis  of  the  so- 
called  neck.  I  will  add  that  I  have  succeeded  in  showing  the  exist- 
ence of  this  digestive  apparatus  to  Professor  Louis  Agassiz,  in  the 
living  animal,  to  his  full  satisfaction. 

Last  winter,  in  studying  the  anatomy  of  the  North  American  turtles 
for  the  first  volume  of  the  work  of  Prof.  Agassiz,  I  had  the  rare  chance 
of  dissecting  many  fresh  specimens  of  these  reptiles.  I  directed 
my  attention  particularly  also  to  their  parasites,  which  until  now  have 
been  but  little  studied.  In  the  small  intestine  oF  Emysserrata,  I  met  in 
all  specimens  I  dissected  (more  than  a  dozen)  a  Nematoid,  the  Cucullanus 
microcephalus  Rud,  and  an  Acanthocephal,  a  new  species  of  Echino- 
rhynchus,  both,  but  particularly  the  former,  in  large  numbers.  In  this 
Echinorhynchus  I  not  only  recognized  at  the  first  sight  the  distinct 
stomachs,  as  described  above,  but  also,  at  least  in  some  specimens,  the 
two  mouth-openings.  In  all  the  specimens  which  I  observed  more 
closely,  (about  fifly,)  the  stomachs  were  filled  with  a  brownish  granular 
matter.  The  brown  granules  which  they  contain  are  irregular  and 
float  in  a  transparent  fluid,  and  I  sometimes  succeeded  in  pressing  this 
food  out  through  a  mouth-opening  by  a  slight  pressure  of  the  covering- 
glass.     But  the  structure  of  these  stomachs  is  very  curious ;  they  are 

*  See  Recherchea  sur  I'  Organisation  des  Vers,  p.  283. 

t  See  Lehrbach  der  Yergleichcnden  Anatomie  der  Wirbellosen  Thiere,  p.  128. 
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not  simple  sacs,  but  contain,  or  rather  are  built  up  of  a  network  of  fine 
tubes,  with  a  central  tube  in  the  midst,  from  which  the  finer  ones  start 
Again,  these  finer  tubes  are  connected  in  the  neighborbood  of  the 
mouth-openings  with  the  extensive  vascular  system  of  the  walls  of  the 
body.  On  the  transit  between  the  tubes  of  the  stomach  and  the  vessek 
of  the  walls  of  the  body,  I  saw  a  valve  which  opened  periodically,  and 
I  watched  once  for  a  good  while  the  process  of  floating  ii-om  the  tubes 
of  the  stomach  into  these  vessels. 

Thus  we  think  the  digestive  process  of  Acanthocephala — for  very 
likely  the  same  is  the  case  in  the  whole  order  —  is  this:  The  two 
mouth-openings  receive  the  food  and  lead  into  the  tubular  system  of 
the  stomachs^  which  at  the  same  time  serve  as  digestive  glands.  We 
may  compare  them  with  the  appendices  pylorica;  of  some  fishes,  the 
Salraonids,  for  instance.  From  these  stomachs  the  digested  food  is  led 
into  the  vascular  system  of  the  walls  of  the  body. 

The  Echinorhynchus  of  Emys  serrata,  upon  which  these  observadoos 
are  made,  when  fresh  and  without  exposure  to  water,  and  placed  onder 
the  microscope,  is  very  transparent.  Still  the  mouth-openings  are 
generally  not  to  be  distinguished,  but  whenever  I  saw  them,  they  were 
wide  open.  They  were  still  larger  in  another  Echinorhynchus,  which 
I  met  with  in  Lophius  piscatorius. 

Though  from  the  statements  of  helminthologists,  as  quoted  above,  it 
might  seem  that  they  have  not  noticed  this  extensive  apparatus ;  still 
this  is  by  no  means  the  case.  On  the  contrary,  the  two  stomadis 
were  described  long  ago,  and  very  accurately,  particularly  by  Siebold, 
1.  c.  p.  134,  under  the  old  name  of  Lemnisci.  Siebold  describes 
them  under  the  organs  of  circulation,  because  he  unluckily  did  not  see 
the  two  mouth-openings.  But  even  these  were  seen  by  Mehlis,  but  as 
nobody  until  now  has  seen  them  since,  their  existence  has  been  denied. 
The  supposition  of  Blanchard,  that  the  proboscis  with  its  bag  is  at  least 
in  the  younger  state  of  the  worm,  a  kind  of  intestine,  the  mouth-open- 
ing of  which  is  soon  obliterated,  is  evidently  a  mistake.  The  whole 
mechanism  of  the  apparatus  for  stretching  out  the  proboscis,  which  is 
exactly  the  same  as  in  Cestoda,  and  which  can  be  studied  most  beauti- 
ftilly  in  Tetrarhynchus,  forbids  this  supposition. 

But  there  might  still  be  led  some  doubt  at  least  about  the  name  of 
this  digestive  apparatus,  as  we  have  described  it  above*  There  are, 
strangely  enough,  two  mouth-openings;  and  the  structure  of  thestom- 
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ach  is  very  similar  to  that  of  a  gland.  But  if  we  call  digestive  appa- 
ratus those  organs  which  lead  the  food  from  outside  into  the  animal 
through  certain  openings,  and  which  digests  that  food  and  passes  it 
over  into  tha  circulatory  system,  we  are  justified  in  calling  so  the 
above-described  system  of  Echinorhynchus. 


IV.  PHILOLOGY  AND  ETHNOLOGY. 

1.  On  the  Relations  between  Chinese  and  the  Indo-Euro- 
pean Languages.    By  S.  S.  Haldeman,  of  Columbia,  Pa. 

§  1.  The  form  of  Chinese  is  so  different  from  that  of  Latui  or 
Greek,  that  we  might  readily  consider  as  fallacious  all  attempts  to  ex- 
hibit an  identity  of  words  between  them. 

§  2.  Some  have  endeavored  to  establish  such  an  identity  upon  cer- 
tain words  of  like  form  and  meaning,  which  cannot  be  depended  upon, 
being  frequently  the  result  of  accident,  like  the  English  bank  (of  earth) 
and  Mandingo  bankoy  with  the  same  meaning ;  the  English  shave  when 
compared  with  the  Eskimo  shaviey  a  knife,  and  the  Brazilian  ara  with 
«  air,"  and  co  with  "  go."  Similarly,  the  Kaffer  le,  lo,  for  "  that,"  cor- 
responds with  Fr.  le,  Ital.  lo;  the  Betjuana  ke  is  near  to  the  Ger- 
manic ^ik"  and  Latin  ego  ;  and  the  Bushman  Se  to  the  English  Z 

§  3.  Resemblances  like  the  following,  between  Chinese,  English,  etc., 
should  be  admitted  with  extreme  caution,  as  likely  to  be  accidental : 
gna4,  to  gnaw  ;  seuk,  SUGO,  to  suck ;  bdy,  to  buy ;  w£ln,  white ;  wan, 
crooked  (wend,  wind)  ;  tam,  damp  ;  tan,  a  red  color  ;  tip,  to  reiterate  ; 
lik,  to  leak  ;  t'hek,  a  house  (tectum)  ;  lap,  hose  skin  ;  t'hew,  a  thread 
(thew)  ;  t*hong,  a  thread,  a  line  (thong)  ;  kap,  to  collect  together,  (keep, 
OAPio)  ;  kap,  a  cape  ;  kat,  to  cut ;  etc 

§  4.  From  the  paucity  of  Chinese  words,  many  of  them  are  over- 
burdened with  meanings,  which  gives  room  for  accidental  resemblances. 
Thus  there  are  fifty  different  characters  read  "  sun,"  and  of  some  of 
these  the  meanings  are  very  diverse,  one  meaning  believe  and  real,  an- 
other thick  and  liberal;  but  none  of  these  meanings  agrees  with  the 
English  sun  or  son.    Of  twenty  Chinese  words,  sit  (meaning  to  eat,  to 
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lose,  to  know,  to  rub,  a  rule,  etc.),  the  nearest  to  English  is  that  mean- 
ing a  residence,  often  called  a  seat  This  resembles  the  language  of  a 
child  who  would  use  essentially  the  same  word  for  stick,  cake,  did,  toad, 
dog,  duck,  scratch. 

§  5.  From  the  monosyllabic  nature  of  Chinese,  and  the  necessity  of 
placing  a  vowel  between  most  consonants,  the  words  are  very  different 
from  those  of  Latin.  Thus  the  word  Batavia  has  been  cut  down  to 
pa,  and  cap,  a  ship,  stands  for  the  Malay  capal ;  Welsh  ceubal,  aferrf- 
boat ;  Gaelic  cabaile,  a  navy ;  Gr.  KvfiBr^  a  bocUy  a-Ka(lM)g,  a  sUff; 
Heb.  Qa,*B,  a  concave  vessel;  Arab.  CuB,  a  cupy  C&YOal,  a  ship. 

§  6.  We  must,  therefore,  in  comparing  Latin  with  Chinese,  reduce 
it  to  its  roots,  reject  the  prefixes  con-,  sub-,  post-,  ex-,  cr-,  str-,  etc,  be- 
fore consonants,  and  reduce  them  to  a  single  consonant  before  vowels, 
and  replace  the  useful  and  enlivening  r,  with  /  or  s.  Under  this  dissec- 
tion, ICTUS,  a  blow  ;  precor,  I  pray ;  rogo,  I  ask  ;  and  strix,  (Per- 
sian, tshokak)  an  owl,  might  become  respectively  ic,  lee,  sec,  tec ;  which, 
from  the  want  of  the  Latin  inflecting  material,  might  each  have  the  power 
of  from  ten  to  fifly  words,  as  distinct  as  ringor,  I  gape;  seco,  I  cut; 
and  PLico,  I  fold.  But  as  strix,  to  be  pronounceable,  must  become 
something  like  satalicasa,  its  Chinese  form  might  be  sa^  as  Bataria 
iapa. 

§  7.  Similar  imitative  words  may  occur  in  languages  the  most  dis- 
tinct, without  indicating  linguistic  affinity ;  as  in  the  names  of  animals 
which  imitate  their  cry,  like  the  Chinese  beaou,  a  cat,  the  voice  of 
which  is  called  miau  by  the  Germans,  m  being  a  nasal  b.  Bat  an 
identity  of  imitative  words  is  not  common  between  languages  of  differ- 
ent stocks,  because  they  are  submitted  to  the  local  laws  of  speech.  In 
English,  one  who  hesitates  what  to  say,  is  said  to  hem  and  haw,  al- 
though he  does  not  use  one  of  the  sounds  imitated  in  this  translation 
into  speech  ;  whilst  the  French  imitative  word  siffler  is  different  from 
the  English  whistle^  hiss,  and  whiz,  although  the  root  sif-  is  a  metathe^ 
and  permutation  o{whiz,fiz.  The  English  imitatives  roar,  rush^  how- 
ever natural  they  appear,  need  not  be  looked  for  in  Chinese ;  nor  will 
Cherokee  (in  which  p,  6,  /,  v,  are  wanting)  furnish  phonetic  equiva- 
lents to  pop,  bob,  bubble  {Ttofiqio^),  and  their  cognates  in  viv-id,  vi-olent, 
vi-gor,  Bi-og,  Bi-a,  be,  vi-r,  vi-reo,  vi-s,  etc. 

§  8.  But  whilst  imitatives  must  be  compared  with  caution,  if  we 
find  that  an  imitative  basis  has  been  not  only  adopted,  but  modified  (as 
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far  as  the  genius  of  different  languages  would  permit)  in  the  same 
manner,  with  the  same  prefixes,  having  the  same  power,  we  will  have 
gone  far  to  prove  a  common  origin  in  the  languages  where  such  a  uni- 
formity occurs,  —  especially  between  Chinese  and  the  European  lan- 
guages, where  the  differences  are  so  obvious. 

§  9.  In  the  present  essay,  a  throat  exclamation  will  be  traced  into 
European  speech,  together  with  its  ramifications  and  growth  by  means 
of  reduplication,  metathesis,  and  the  use  of  prefixes ;  to  be  followed  by 
their  Chinese  equivalents.  Throat  sounds  are  used  in  various  lan- 
guages, to  form  words  for  cough,  throat,  speech,  wailing,  cricket, 
gurgle,  emotion,  rigid,  narrow,  action,  work,  bredk,  noise,  pound,  frag- 
ment, breach,  crack,  point,  thorn,  spear,  axe,  molest,  strike,  tear,  throw, 
shoot,  ray,  light,  torch,  fire,  blow,  go,  extend,  etc. 

IBISH. 

§  10.  Och,  ohy  diets;  cohti,  sorrow ;  och^,  a  deep  sigh;  t-achta, 
choking;  g-tich,  a  lotAd  voice;  r-tich,  a  running^  a  rushing ;  sruch,  a 
flawing  ofwaters^  a  stream;  scrlach,  a  screech, 

WELSH. 

§  11.  0,  alasy  out  of^  what  proceeds ;  oi,  weU!  to  proceed;  oc,  from^ 
out  of;  og,  what  is  full  of  motion  or  life,  youthy  a  harrow ;  (Latin 
occo,  to  harrow).  The  force  of  the  Irish  prefix  r-,  appears  in  Welsh 
as  follows :  — 

412.   rhu,  a  loud  utterance.  \  13.  uch,  what  breaks  out,  a  sigh. 
rhw,  wheU  breaks  or  grows  out,  \g,  a  hiocupf  a  sob, 

rhao,  to  roar,  to  talk.  och,  ahs ;  ich,  a  squeal. 

rhueinell,  a  clarion.  ochan,  a  groan  ;  igio,  to  sigh. 

rhe,  sunji  motion.  achan,  a  hymn. 

rha,  what  forces,  ag,  an  opening,  a  deft, 

§  14  By  combining  rhu  with  uch,  etc,  and  using  prefixes  (as  c-, 
ys-,  gw-,)  to  the  compounds,  we  get  the  two  following  series :  — 

rh-ach,  what  is  forced  out.  c-r-ech,  a  scream. 

rhoch,  a  grunt,  groan.  gi^»  <^  caclde. 

rhinc,  a  creak,  gnash.  grig,  a  low  rustle. 

rhing,  a  creak.  877Sr>  harshness,  roughness. 

rhnnc,  a  snort,  a  rattle.  grwng,  a  rumbling  noise. 

rhych,  a  trench.  ys-g-rech,  a  screak. 

rhic,  rhig,  a  notch,  groove.  ysgrechog,  a  jay. 
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§  15.  The  reduplication  of  ig,  ich,  (and  the  use  of  prefixes,) 
gives  (c  being  ^  as  in  Latin),  * 

oeg,  iht  mouth,  throat,  cegn,  to  glut,  gwag,  a  vacuum. 

cegio,  to  choke.  cyngan,  speech.  js-gecm,  to  bicher. 

cecr,  a  brav>l.  gw-idi,  a  s-qu-eak.  h-uch,  a  9ow,  (Pen.  khok,  a  ho^.) 

cecren,  to  scold.  gwica,  to  cry  wares.  p-ach,  a  sigh,  a  grunL 

cocr,  coaxing.  gwach,  a  hole.  p-ucho,  to  sigh,  pant,  grunt. 

Compare  Angl.  cegan,  to  call     The  p-  of  p-uch  occnn  in  (de)p-five,  p-ladd,  cic- 

§  16.  The  Webh  root-word  11a  (akin  to  rha,  §  12,)  is  a  noun  mean- 
ing, that  which  breaks  out,  is  light,  or  ctear.  It  has  various  cognates, 
as  llae,  an  expanse ;  Hi,  a  flood;  llw,  an  exclamation,  oath ;  IJewer, 
light ;  lloer,  the  moon  ;  lie  wen,  a  focus  ;  llewym,  a  meteor ;  llwys,  c/tfor, 
pure,  holy ;  and  with  a  prefix,  g-lwys,  pure,  holy,  fair;  g-law,  bright- 
nes9  ;  golwch,  worship, 

§  17.   By  combining  11a  and  uch,  we  get  the  series,  — 

llach,  a  ray,  a  dap.  Uwg,  v^at  is  bright, 

llachar,  gleaming.  llugan,  a  glitter. 

llach,  a  throw,  a  glance.  U^ig&Sj  <z  dawning. 

lluched,  lightning.  llugom,  a  trumpet. 

Uig,  what  shoots.  Uygad,  eye^kt,  eye. 

Hug,  a  gleam.  HjgBS,  splendor. 

§  18.  By  combining  Ha  and  uch,  commencing  with  the  guttural,  we 
get  another  Welsh  series,  — 

gal,  spread  out,  dear,  colon,  a  peak.  g&wl,  a  daxpn,  hohf. 

galw,  to  call,  invoke.  gall,  energy.  geli,  a  shooting  oat. 

galara,  to  lament.  gaUos,  powerful.  gclin,  a  sprig. 

col,  cor,  a  poinL  golaa,  light.  goliw,  a  faint  tint. 

col-p,  a  dart.  gole,  splendor.  claer,  eglur,  dear. 

The  -p  in  col-p  (Swedish,  kol-p,  a  dart)  is  present  in  the  English  gulp,  yelp,  scalp- 
The  following  are  Gaelic  :  — 

gal,  weeping.  geal,fair,  bright.  gaol,  love, 

gul,  crying  out.  gilead,  whiteness.  gealon,.^. 

galan,  noise.  g&Ua,  brightness,  beauty.        gaoil,  boiling,  anger. 

§  19.  The  two  preceding  series  (§  17, 18,)  suggest  qt-JJy-a,  to  bom, 
shine,  vex;  cphyiia, flre,  (f-la-me) :  English,  lo!  look,  light,  call, yelli 
gul-let,  clear,  glory,  glow :  dr-yeXX-w,  to  announce ;  a-^oJl^-o},  to  mak 
splendid,  to  exult :  Irish,  gS,l,  white ;  g&lach,  the  moon :  Latin,  luceo, 
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to  shine;  lux,  Ught:  Gr.  Xvaog,  the  sun;  Xixpog,  a  lamp;  y-Xcam-ogy 
Muej  clear,  the  L  of  which  appears  in  XaoHy  to  look  at ;  J^onj  to  see, 
shine, 

§  20.  The  same  L  (§  §  16, 19,)  occurs  in  the  Gaelic  la,  lo,  laoi,  a  day  ; 
laom,f'lame ;  li,  color;  leas,  light;  leicc,  leug,  a  diamond^  a  gem;  lia, 
a  flood;  lua,  an  oath,  water;  lo,  water.  With  these  (and  with  rhu, 
§  12,  r  not  being  a  Chinese  element),  we  maj  compare  the  Chinese 
Id,  clear,  bright,  happiness  ;  lek,  bright,  clear ;  long,  fireworks  ;  lo,  a 
voice,  a  sound;  Io4,  to  converse ;  Id,  a  gong;  15,  a  drumming  in  the 
ear;  la«5u,  a  noise;  lew,  a  flood;  le,  to  flow  rapidly. 

S  21.  From  the  continuousness  of  S,  s-creak  maj  have  been  intended 
for  a  continuous  action :  uch,  ich,  (§  13,)  being  continuous,  want  the 
explosive  sharpness  that  results  from  commencing  with  closed  organs, 
a  deficiency  which  c-  (cay)  would  supply,  besides  simulating  the  closed 
glottis  at  the  beginning  of  a  c-ough,  at  the  end  of  a  hi-c(cup)  during  the 
continuance  of  ch-ok-ing  or  g-ag-ing,  and  the  frequentative  action  of 
c-ac-ling,  ch-uc-ling,  and  g-ig-ling. 

§  22.  The  root  of  s-c-r-eak  is  perceived  in  h-ic-cup,  the  enlivening  r 
gives  r-ing,  (and  the  perversion  r-ough)  :  Latin^  r-ic-tus,  the  mouth ; 
BATCCS,  hoarse,  harsh;  r-oo-o,  to  ask ;  Gr.  ^c/x-oi,  to  snort;  ^-Q-vx-iOy 
to  howl;  x-Q-i^'W,  (fnt  x-^-i$o),)  to  &>r-eak;  XQiyij,  a  creak,  x-^ctx-r^;, 
XQayerrjg,  a  crier;  Latin,  c-b-oc-io,  to  croak,  leading  bj  successive 
prefixes,  to  creak,  cricket,  crack,  screak,  screech,  click,  cluck,  clang, 
etc ;  Gr.  X-iyndpio,  to  cry  out ;  xArodyri ;  Latin,  clangor  ;  and  gloc-io, 
to  cluck.  Starting  with  the  root  of  echo,  r-  gives  r-iza  contention,  a 
t-  prefixed  (xQiOo^  to  stridulate,  in  the  future  tense)  t-^&£-o},  and  an 
intensive  s-,  s-t-r-ix,  an  owl.  This  agglutination  of  prefixes  shows  a 
close  affinity  in  the  structure  of  Greek,  Latin,  and  English  words. 

§  23.  gbeee:. 

^  4^»  sonnd,  clamor.  *  6^,  sharp,  ao-id.  *  KoitiKi,  to  lament. 

*  itX*^»  ^ho.  *  <UoJ),  a  sound,  the  ear.  (iot),  ol,  alas.) 

*  ebx^f  a  prayer,  boast.  ^  hKo/wa,  to  hear.  ^^  ^<%4  affliction.* 

*  &Txu,  to  throttle,  torture.  "  ^x'K,  affliction.  ^^  ^X-^^t  to  shoat. 

*  The  initial  of  this  word  is  akin  to  the  preceding.  The  mark  j  indicates  that 
the  word  is  not  a  primitiye  form,  C  being  probably  derired  from  a  guttoral,  like  San- 
scrit, Persian,  and  English  Uh,  which  is  rarely  a  primitiTe. 

(18) 
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1'  td-ayfia,  a  sigh.  ^^  ^Xa^-o,\.  to  stammer.  ^  rp-vx-otj,  to  hanss.^ 

!•  i-««-^,  din  of  battle.         **  dy«,  to  b-r-eak.  ^  alK4a,  injniy. 

w  6x-Xog,  a  mob.  *•  oZ^vvu,  to  open.  '*  aiy&nv,  impctnosity. 

"  *y^,  I,  the  sp-eak-er.        **  X-cuc-io,  to  rend,  break,  '•  ?^oXof ,  leaping. 

1*  i««,  there.  resonnd.  ^  al^»  oi/o,  a  goat 

IT  oi;«,  ot;;^:,  not.  **  XcucriCu,  to  kick.  ""  arx:a^c»  the  ann- 

w  6-ye,  this ;  hoc,  /e,  je-s.   *•  Xoktic,  a  pestle.  f*  olx-f^i  »  ^pear  point 

w  6rK-QOfiai,  I  bray.  *t  ^Y^'or*  ^7*^*  »  mortar.  ^^  ftrox-^upa,  a  nrord. 

«  5r«of,  swelling,  bnlk.        *■  'K-'hty^,  a  blow.  **  a«^,  a  point 

■1  ^r«7,  size,  a  hook.  *•  ir-A^x-Tj/f,  a  str-ik-er.  ■*  &Kav,  a  thistle,  brier. 

^  ty-eipu,  to  arouse.  ^  Ad^"^]?,  a  spear  head,  the  ^  aiutv9a,  a  thorn. 

^  d/e,  come  out !  hence  to         tip  of  the  t-ong-ne.  ^  ^f^,  acme ;  M-fui,  pin- 

egg,  or  a^  on.  *^  Xxydg,  destmction.  plea. 

**  df-yiXX^,  to  announce.    **  ^«;rt*',  lichen.f  ■*  ixv,  a  viper. 

**  dya^Aw,  to  make  splen-  *•  ^x*^*  wool.t  *  hfivoc,  a  hedgehog. 

did,  to  exult;  aly^,  **  Xoicof,  a  rag.  wi  iw  ^  d,tP<^>  the  wild  pear. 

ayX^a,  splendor.  **  i-ay-vpi,  a  minute  frag-  •'  <n'd;tvf  >  *  sp-ike  of  coni, 

*  abyf^,  light,  the  eye.                 ment  a  plant,  offspring. 
«T  ^Xiy-fM,  fire,  heat           ••  Xaxoc,  a  lot,  portion,  ap-  ••  te^oj- ,  a  child. 

»  dy»7,  respect,  envy,  hate.  pearance.  ••  or-ty-ei^c,  an  a^* 

»  dyawpdf,  proud,  fierce.       »t  X6;i:y£^,  a  bush,  thicket       **  Tpa;t«^,  rough,  hanh. 

*  w  XuyoZof,  shady.  •!  rpiy/ibc,  a  shrill  cry.** 

■^  2raK-<j,    to    sound    like  ••  Xvypdf,  sad,  weary.  "  S-ix-ofuu,  to  tak-c,  con- 

breaking."  w  Xvyi/,  darkness.  prehend. 

»i\Xiy«,  to  speak.  •!  Avyof,  a  shrub,  an  osier,  ••  fffx^v^,  a  work. 

^  Aoxd^cj,  to  talk.  flexible.  ^  dexr^p,  a  tak-er. 

•*  XevKovia,  the  throat         •*  ^6<j,  to  bend,  tie.  •*  ddicrvAof,  a  finger. 

•*  a:-^-«4  to  swell,  be  full,  "  ^df ,  oblique.  "•  ^a:«m^,  the  fore  finger. 

rush,  gurgle.  •*  t-o^-cv,  a  bow.  ^  ^tx^i  to  lick.* 

*  hyaivu,  to  cry  out.  ••  dyi^,     a     fracture,**     a  *  dp-iy-u,  to  stretch  forth- 

*  ^/yw,  to  hiss,  whiz.  wave.  ^  ^-dy-«»  to  grasp." 

•T  A^ywr,    a    smoky    fire,  ••  &itvrj,  an  axe.  io°  P-pax-iuv,  the  arm."  • 
smoke.'^                        «  ^A<of >  a  furrow,  track.  | 

»  Ar«yv-i7;f^>  dear  sound-  ••  6^rrdf,  a  trench.  wi  /^or>  /^>^»  a  rag. 

ing.  ^  6x^,  food,  a  hollow.  *^  r-pO;t-of  ,  a  tatter. 

^  n-XaFy^,  clangor.  '^  d^opocdv,  a  mushroom.  ^^  fiiMx-i^c,  short,  little,  as 

*o  Xoryaivo,  to  sob,  hiccup.  ^^  d«d;t<',  to  molest.  if  b-rok-en. 


*  Xva,  discord ;  Ao-,  do-,  Xe-,  are  intensive,  as  in  Xiov,  very. 

t  From  its  broken  appearance,  —  but  K-fiiK-u,  is  to  strike,  to  loeore;  Kpo^t  ^ 
woof;  Kpoidc,  nap,  a  lock  of  wool,  threads  sticking  out  of  cloth ;  hence  Kponf,  CBO- 
CU8,  saffiron,  from  the  conspicuous  stigmas. 

I  The  force  of  R  in  No.  ^^,  etc.,  (see  H^)  is  observed  in  dpoiHj,  to  rush  apoD,' 
6pu,  to  move,  excite,  arise ;  fieu,  to  flow ;  ditooc,  uproar. 
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104  ^7 Of,  a  steep  rock.        ^^  ^-ay-dv,  to  eat.  i**  irayiog,  stiff  with  cold. 

1^  poKT^ptoc,     resounding,  >*  ^nryoc,  the  beech.  ^**  irayof,  frost,  ice. 

striking.  ^T  r^vyv,  corn,  pulse.^*       i**  ^a;tof,  thickness. 

106  ^;j;if,  the  spine.  ^^  /^oc,  *  granary.  !*•  naxvvu,  to  render  fat. 

i^''  /5<^4  a  root.  ^®  KpcKu,  to  strike.  i*'  'rvACVf ,  the  upper  arm. 

1**®  AttA^of,  a  thorn  bush.         ^^  r-pay-oc,  a  goat.  l*'  wuyCiv^  a  cubit. 

1^  ^-payftdv,  a  thorn  hedge,  i'^  KpoKn^c,  a  crier.  !*•  Tivy^,  the  haunch, 

iw  ^-paini^p,  an  inclosure.    ^^^  «-pa^,  |  to  c-roak.  ^*°  ttwxvow,  I  condense, 

m  d-piricbc,  a  coping.  i"  «-p^Cw,4.  (fnt.   «pt^«)   to  **^^  Trvwvdf,  crowded. 

11*  T-eixeOf  to  wall,  fortify.  c-reak.  ***  'rwy//^,  the  fist. 

!*•  TCKTaivUf  to  construct.     ^  ^a^4  to  relate.**  i**  irvKujCf  a  b-ox-er. 

11*  Te;i^a«,  to  make.  ***  ^p^f,  the  murmur  and  ***  Tr^fcr^f,  a  lyre. 

11*  ficryiic,  split.  rippling  of  waves.         i**  fzayadiCf  a  lyre. 

ii«  a-ayaptCf  a  battle  axe.**  i"  ^P«i7,  a  shuddering.        !••  /*a;fv,  f-igh-t. 
ii'f  ppdxo,  to  crash,  creak.    ^^  <^bc,  bristled,  rough,  i*^  fiiyac,  big. 
118  ppitx^t  to  howl.  curly.  i**  fuucpb^,  long.* 

11*  poX^t  a  loud  noise.        i"*  tfpt^,  hah: ;  **  note.  !*•  fwcpdg,  small.* 

1*  ^Fku,  to  snort,  snore.'i  i*^  ^pvyu,  to  fry,  parch.        1*°  iroicof,  a  fleece. 
121  (nffxoc,  a  snout.  ,  1*°  ^Krevu,  to  kindle.         i*i  Trwycjv,  a  beard, 

m  ^y/ttJ,  a  b-reak,  c-rack.  i*i  ai^u,  to  aug-ment.  i**  Trvfof,  the  box-tree.f 

1*8  fn/Kid^,  broken.  i**  ttouctocj,  Imake  compact,  i**  nevKTj,  the  fir,  a  torch.f 

!*•  T-p-oy-w,  to  chew.  ^77^,  compact.  !•*  maaa,\,  pitch,  (pmi  f  )t 

iw  n-wcpof,  pungent,  bitter. 


§  24.    LATIN. 

The  following  numbers  and  words  correspond,  in  a  general  way, 
with  those  of  the  preceding  Greek  series.  Such  a  reference  admits 
of  much  variation,  a  word  in  one  language  having  affinities  with 
several  in  another.  To  keep  this  in  view  ^  ico,  I  strike,  has  the  num- 
ber of  ayaty  I  break,  and  its  derivative  ictus,  a  blow,  has  that  of  aixicty 
an  injury.     The  name  of  a  singing-bird,  *^  FRiNaiLLA,  is  placed  near 


*  Whilst  crowding  on  material  enlarges  an  object,  pressnre  and  condensation  di- 
minish the  size  of  the  aggregation.    Compare  maonus,  large,  and  macer,  lean. 

t  Ilv^of,  Bcxus,  from  its  dense  foliage,  —  "most  dense"  of  Plini.  "Buttmann 
makes  it  very  probable  that  the  radical  notion  of  ireOiof  is  not,  as  nsoally  supposed, 
that  of  bitterness,  but  of  sharp-pointedness,  the  fir  being  so  called  either  from  its 
pointed  shape,  or  from  its  spines."  LiddtU  and  Scott.  lle<fKff,Jir,  is  in  Latin  abies, 
probably  for  abiex,  its  adjective  being  abieontts,  as  salix,  wUhw,  gives  SALioinrs, 
madeo/wiUow, 
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"^  FRiouTio,  to  twitter ;  but  the  bird  baa  a  very  robust  bill,  and  is  a 
seed  eater,  hence  its  number  is  that  of  franoo,  to  break.  Here  tbere 
is  no  real  discrepancy ;  words  like  break,  cracky  being  applied  both  to 
the  sound  and  its  accompanying  phenomenon,  the  ear  taking  note  of 
the  former,  and  the  eye  of  the  latter. 


1  AH,  alaa,  oh. 
M  KHO,  ho !  v-AH,  oh ! 
*•  fl-ic,  thus ;  T-UNC,  then. 
"  H-ic,  here ;  h-oc,  this, 
w  EX  {cK,  ef ),  out  of. 

1*  EOO,  I. 

^^  Ai  (at),  alas ;  aio,  I  say. 
^^  EJULO,  I  wail. 
^  ECCEy  behold.^ 

*  OCCLU8,  eye. 
^  B-ACCA,  berry. 
*7  M-ic-TO,  I  blink. 
"T  w-ic-o,  I  beckon. 
*f  BP-BC-io,  I  see. 

*f  s-AQ-AX,    seeing   easily, 

ac-ute. 
•  AGHETA,  a  cricket. 
'  CICADA,  a  noisy  insect. 

*  LOcusTA,  a  grasshopper. 
^  ECHO,  echo. 

••  T-ox,  Toice. 

w  v-AOio,  I  sq-n-eak. 

■•  F-AC-UNDUB,  el-oq-nent. 

••  B-uc-iNA,  a  trumpet. 

w  p-oc-ULum,  a  cup. 

^  B-uccA,  a  mouth,  morsel. 

**  M'lOA,  a  crumb,  bit. 

"  MAXILLA,  a  jaw. 

••  Muoio,  I  bellow. 

••  F-ATO-B8,  the  gullet. 

y-AO-iNA,  a  scabbard. 

v-ACO,  to  be  empty. 
•^  L-AO-UNA,  a  ditch. 
•1  L-ACio,  I  call. 
'^  LEOo,  I  depute. 
^  LOQYOR,  I  speak. 
^  LUOEO,  I  mourn. 


•1  p-io-EO,  I  grieve. 
^  N-EOO,  I  say  no. 
•1  D-OCEO,  I  t-each. 
•1  FR-io-UTio,  I  twitter. 
•1  p-L-AO-iTio,  I  demand. 

'^  FBINGILLA,  a  fiuch. 

i»  FRioo,  I  roast. 

^  RiMOOR,   I    open    the 

mouth. 
"*  8TRI0O,    I   pest,    take 

breath. 
•1  B-T-R-ix,  an  owl. 
8TRIDE04.    {d    for  g) 
Tpi^,\.  to  stridulate. 
*^  8TR101LI8,  a  scraper. 
^'  R-ix-A,  contention. 
QR-AO-ULUS,  a  jackdaw. 
ROQO,  I  ask,  beg. 
pROCO,  I  demand. 
PRECOR,  I  pray, 
u^  RICTUS,  the  mouth. 
RUCTUB,  eructation. 
RAVCU8,  harsh. 
RUGA,  a  w-rinkle. 
RIGOR  ifiiyoc),  stiflPness. 
FRioBo,  I  freeze. 
FRico,  I  rub. 
*^  FRAifGO,  I  break. 
FRAXivrus,  the  ash. 
PL-AMQO,  I  beat. 
PLAOA  (n^jryv),  a  blow. 
FLEGTO,  I  punish. 
PLECTO  (irlexQ),  I  plait. 
•^  FLEGTO,  I  bend,  turn. 
*•  FLOCCUB,  a  lock  of  wool. 
^  LUCTOR,  I  wrestle. 
•■  Lioo,  I  tie. 


^  LiGiUM,  a  thread. 
*^  LiGO,  a  hoe,  a  rake. 

p-EC-TEK,  a  comb. 

PLICO,  I  fold. 
*^  LAXUB,  sl-ack,  wide. 

PL-ACEUTA  {wKoMoic),  a 
cake. 

FLACCUS  (/?Ao^),  flaccid. 

FL-AGELLO,  I  whip. 

^^  FR-ux,  produce. 
^  N-ux,  a  nut. 
^*  F-AG-U8,  the  beech. 
^  AC-EO,  to  be  tart. 
^  ACiES,  an  edg-e. 
^  ACU8,  a  needle.""  «• 

MUCRO,  a  point. 

MACERiA,  a  garden  walL 
•  SGEO,  to  ach-e. 
"  ICO,  I  strike.*^  » 
"  ICTUS,  a  blow. 
**  jr-AC-EO,  I  throw. 
**  occo,  I  harrow. 
*i«  B-AVC-10, 1  wound,  kin. 

8-uG-iLLO,  I  strike,  re- 
vile. 

SAYCius,  sick. 

BiONO,  I  mark,  express. 

y-EX-o,  I  pl-ague,  affl4c-t 

TiCTiMA,  a  victim. 

TR-ux,  fierce. 

L-AO-ERO,  I  tear. 

LACERTA,  a  liz-ard. 

B^AXum,  a  rock. 

BECO,  I  cut,  wound,  go. 

BiCA,  a  d-agg«r. 

8ICILI8,  a  sickle. 

N-EC-o,  I  slay. 
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NocifiHS,  per-n-ic-ioas. 

Nox  (vv(),  night 

NIGER,  black. 

NCGAE,  trifles. 

PBCCO,  I  sin. 

p^Ej-OB,  worse. 
**  AGO,  I  more,  drive. 

8-AG-iTTA,  an  arrow. 

T-iG-Rxs,  a  tiger. 
^  lOKis,  fire. 
*  FI/-AO-RO,  I  bum,  glow. 

FOCUS,  a  hearth. 

FAX,  a  torch. 
^*    T-iG-Kn»,  a  beam. 
•T  I^IG-Num,  wood. 

B-AC-ULUS,  a  stick. 

AXIS  (u^on/),  an  axletree. 

OB-AC-iLis,  slender. 

i>ONG-us,  long. 

M-AC-BR,  m-eag-re. 

T-AQ-OR,  I  wander. 

B-EQ-TOR,  I  follow. 

**  FR-EQ-YENB,  frequent. 

MNQ-TO,  I  leave. 

F-UG-io  (^wyw),  I  fly. 

N-ix-OR,  I  rest  on,  strive, 
u*  F--A0-IO,  I  m-ak-e. 

FACIE8,  appearance. 
••  PBGMA  {ir^fia),  a  m-a- 
ch-ine. 

F-AEG-ULA,  dregs. 

M-AO-ULA,  a  stain. 

p-io-MEifTum,  paint. 

F-iKO-o,  I  make. 

F-io-o,  I  fix. 

FiOTUB,  feigned. 

F-iG-URA,  shape. 

L-oc-o,  I  place. 

li-BO-TUS,  a  bed. 

L-so-o,  I  collect 

L-uc-Rum,  gain. 
1*1  AUG-EO,  I  augment. 
1*1  M-AC-TUB,  augmented. 


1*1  M-AG-is,  more. 

1*'  M-AO-KUS,  b-ig. 

M-AG-isTER,  a  master. 

R-EG-o,  I  dir-ec-t 

p-ANG-o,  I  fix,  agree. 

piGNUS,  a  pawn. 

PACTUS,  bargained. 

PL-AG-ATio,  a  padfjing. 

p-AG-o,  I  pacifj. 
1*1  p-AG-us,  a  village. 
i«i  v-io-us,  a  village. 
1*2  p-CG-NUS,   the    fist,   a 

handful. 
^  PUGNO,  I  fight 

PUNGO,  I  stick,  sting. 

naywpoc,    a    p-ang-ar, 
(spiny  lobster). 

puGio,  a  dagger. 

sp-ic-A,  a  spike. 

T-ANG-o,  I  touch. 

T-AG-Eo,  I  am  silent 
^  L-iNG-o,  I  lick. 
^  LiNGYA,  the  tongue. 
^  D-UG-o,  to  draw,  t-ug, 

g-et 
,  •*  D-iG-Nus,  tak-e-worthy. 
^  D-EG-ENS,  decent 
^  DEGUMANus,  great 
•*DiGO  (d«ca^w),  I  take, 

give,  proclaim,  say. 
^  Dico,  I  say,  assign. 
**  DIGITUS,  a  f-ing-er. 
^  DEXTER,  the  right  hand, 

m-ight. 
^  DEGEm  (deica),  ten. 
^  INDEX,  a  sign. 
•*  INDIGO,  I  show,  dechure. 
*2  DEGO,  (de,  ago,)  I  live. 

TR-AH-o,  I  draw,  take. 

TR-AG-TO,  I  dr-ag,  str-ike. 

v-EG-TO,  I  convey. 
*  LUGEO,  to  light,  glitter. 

L-iQ-YEO,  to  be  liquid, 
clear,  plain. 

(18*) 


AQ-YA,  water. 
M-AG-ERo,  I   B-oak   in 

1-iq-uor. 
M-UG-iDUS,  slimy. 
L-AG-RiMA,  a  tear. 
LAGus  i^oKog),  a  lake. 

ST-AG-NUm,  a  pOOl. 

R-iG-o,  I  irrigate. 
8-IGG-U8,  dry,  thirsty. 
8-iGG-o,  I    dry,  drain, 

suck. 
suGO,  I  suck. 
8UGU8,  juice,  sap,  v-ig-or. 
SANGYis,  blood,  force, 

race. 
y-iG-so,  I  live,  am  active. 
F-EG-UKDUS,  fertile. 
v-iG-TiTO,  I  feed  on. 
v-EG-ETUS,  quick,  fresh. 
R-EG-BNS,  growing,  fresh. 
KAOBMUS,  a  cluster. 
8EOE8,  seed,  corn,  profit 
8AGINA,  food,  fatness, 
p-ix,  pitch. 

P-ING-YIS,  fat. 

P-EG-TU8,  the  breast. 

p-iG-BR,  slow,  doll. 

p-BG-u,  sheep,  cattle. 

GR-BX,  a  flock. 
**  L-UG-U8,  a  wood. 
•*  NEXO,  I  bind,  connect 
"  8TR-ING-0  {orpar-yu),  I 

gra«p,  tie.«« 
•*  v-iKCO,  I  conquer. 

T-BX-o,  I  weave,  build. 

T-OG-A,  a  gown. 

T-EG-o  (oreyw),  I  cover, 
st-ick  away. 

8-OG-io,  I  join,  associate. 

MAS  (for  max  ?),  a  male. 

TU88I8    (for   tnxis?)    a 
cough. 
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§  25.   (Chinese. 

Chinese  being  spoken  with  a  peculiar  intonation,  the  marks  of 
accent  and  length  used  in  printing  it,  indicate  the  tone,  and  where  the 
is  different,  but  the  elements  identical,  the  words  are  considered  to  be 
distinct  In  fact  it  is  less  of  an  error  to  use  T  for  L,  than  to  ase  a 
wrong  tone.  The  examples  are  from  Medhurst's  dictionary  of  the 
Hok-keen  dialect,  and  the  orthography  English,  ch,  j,  ng,  having  their 
power  in  chip^  young.  The  examples  will  be  those  correspoodiDg  to 
the  Welsh,  Greek,  and  Latin,  already  given,  commencing  with  thoM 
which  have  a  reduplicated  guttural,  as  k-k,  k-ng,  y-k,  or  its  trans- 
mutation (with  English  ch,  as  in  speak,  speech,)  ch— k. 

§26.  kek,  bright;  keng,  very  bright;  g&ng,  bright;  gdng, 
sunrise;  hong,  red;  ykng,  to  illumine;  yang,  the  sun;  cheng, 
brightness;  hong,  luminous,  clear;  (seang,  cloth  of  a  light  yellov 
color,  as  if  from  se,  cloth,  and  eng,  bright).*  Jakutish,  tshagbyigi) 
to  radiate,  lighten ;  tshokyr,  flint ;  tsho;^,  a  burning  coal ;  dzhaiigkii, 
to  be  clear,  transparent.  The  mind  associates  a  ray,  a  spear,  and  a 
shoot ;  hence  we  find 

§27.  kek,  a  spear;  hong,  the  point  of  a  weapon;  keng,  a  stalk 
of  com;  chek,  a  blade  of  grass;  yang,  young  shoots  of  rice, 
calamity;  yang,  nourishment;  y^ng,  nausea;  (seng,  to  be  bonij 
alive). 

§  28.  go^k,  a  peak,  the  point  of  a  sword,  a  crocodile ;  g a' k,  a  hill; 
gek,  rugged  like  hills,  lofly ;  gong,  high. 

§  29.  yeu*k;  a  sound,  a  voice,  bright,  clear';  yiing,  to  leap,  a  bub- 
bling fountain,  bold  ;  yea'k,  to  leap ;  heng,  to  walk,  to  travel;  (6ng, 
to  walk  quickly;  seang,  hasty)  ;  ch^ng,  hasty  walking,  afraid;  hek 
(and  lek),  to  be  afraid ;  che'k  (and  teuk),  to  advance ;  (e'k,  to  lead 
hastily);  heng,  to  accompany;  hdng,  haste;  heiing,  to  hastes. 
(In  German  keck  means  pert,  bold,  nimble ;  Eng.  quick).  Jakatish, 
yk,  to  hasten. 

*  In  like  manner,  it  is  prolxable  that  the  Sanscrit  root  rftp'h,  to  air,  to  Irttt^ 
Latin,  rap-io,  (Eichhoff,  No.  525,)  is  composed  of  aR,  to  go,  to  reach,  (£.  Ko.  49S,) 
4ind  ab,  togo,  {^,  No.  22,)  or  ap,  to  occupy,  to  hold,  (£.  No.  23.) 
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§  30.  The  following  examples,  in  continuation  of  the  preceding,  are 
to  be  read  across  the  page.  The  first  column  contains  the  root,  to 
ivhich  the  prefixes  s-(r-)t-,  1-,  are  added  in  the  second,  third,  and  fourth 
columns.  A  few  parallel  forms  in  Greek,  Latin,  Welsh,  Gaelic,  and 
Hebrew  are  added,  examples  in  r-  being  placed  with  its  cognate  s-. 

§  31.  The  force  of  the  Chinese  prefixes  k-,  s-,  t-,  (1-,  see  §  20,)  is 
observable  in  ke,  a  pearl;  to  ridicule ;  to  pray;  to  sell;*  ke,  to  fear; 
ke,  a  stalk ;  proud  ;  hasty ;  k^ ,  happy  ;  kae,  violence ;  harmony,  se, 
to  look  at ;  to  spread  out ;  a  connecting  thread ;  ardent ;  to  swear ;  day- 
break ;  a  peak ;  se,  an  arrow ;  to  wet ;  silk ;  spittle  ;  the  beginning ;  s^, 
power,  te,  to  blame,  to  kill;  t6,  to  revile  ;  to  oppose;  tfe,  to  extend 
to ;  to  display ;  t§,  a  pond ;  to  walk ;  t^,  to  frisk ;  to  be  burnt. 


*  When  definitions  are  separated  by  semicolon,  thej  are  represented  by  difibrent 
Chinese  characters  of  the  same  name ;  when  by  a  comma,  they  define  a  single  char- 
acter. 

As  the  Latin  final  m  indicated  a  nasal  vowel,  it  is  printed  as  in  STAONum ,  that  it 
may  not  have  the  prominence  of  a  real  (and  a  labial)  consonant  letter. 

The  examples  of  Jakntish  (jakutish)  are  from  Bohtlingk,  and  in  the  absence  of 
the  proper  types,  his  Russian  orthography  has  been  roughly  turned  into  English. 
It  could  not  have  been  done  critically  without  considerable  explanation,  and  the 
same  remark  applies  to  the  few  Hebrew  words  introduced. 

Should  the  suggestion  that  abibs  is  from  abibx  be  correct,  the  following  table 
may  be  constructed  :  — 

ABiBONUB,  ofjir. 

ABIE 8  ,  the  fir, 

p  I  ..  c  ..  ..  8  ,  pitch. 

F  ..  A  o  ..  ..  8  ,  a  torch. 

y  ..  o  c  ..  u  8  ,  a  hearth. 

IT  e  V  K  ..  tf  ..  f  the  pine. 

8-p  I  ..  88  ..  n  8  ,  dense,  etc. 

Here  spissus  is  probably  for  s^uysuB,  from  the  root  of  pac,  no.  ^**. 

In  the  following  examples,  a  few  of  the  words  are  not  placed  in  the  column  with 
those  having  the  same  initial  —  for  the  purpose  of  accommodating  modifications  of 
idea.  Thus,  Hungarian  szak,  ^  36,  stands  in  the  first,  instead  of  the  second 
column. 
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2.  Supposed  Runic  Inscriptions.    By  Dr.  A.    C.   Hamldt,  of 

Bangor,  Maine. 

I  HAVE  the  pleasure  of  presenting  to  your  notice  some  casts  in  plas- 
ter of  a  supposed  Runic  inscription,  which  appears  upon  a  ledge  of 
hornblende  on  the  island  of  Monhegan,  off  the  coast  of  Maine. 

It  was  mj  first  intention  merely  to  present  these  casts,  witboat  mak- 
ing at  present  any  remarks,  but  as  I  have  been  requested  to  express 
my  opinions,  I  will  endeavor  to  give  some  explanation. 

I  will  not  venture  to  say  that  these  characters  are  Runic,  but  will 
only  suggest  the  probability  of  their  being  made  by  some  illiterate 
Scandinavian,  whose  knowledge  of  the  Runic  form  was  very  imper- 
fect. If  they  are  recognized  as  Runic,  they  belong  to  that  compound, 
complex,  and  pointed  class  which  renders  an  interpretation  extremely 
difficult  The  pointed  class,  however,  belongs  to  those  times  in  whidi 
the  Northmen  are  supposed  to  have  visited  our  shores, —  the  tenth, 
eleventh,  and  twelfth  centuries.  The  earlier  the  rune  the  more  sim- 
ple it  was  in  form  and  the  more  easy  of  translation,  but  the  modifica- 
tions and  corruptions  of  later  periods  have  confused  and  changed  the 
character  in  a  great  degree.  There  were  complete  monographs  formed 
by  many  runes  clustered  upon  a  single  stem,  and  with  such  confused 
and  irregular  lines  that  interpretation  was  almost  impossible.  As 
illustrations  of  the  subject  I  have  drawn,  upon  the  blackboard,  some 
examples  from  the  Binderuner  and  from  the  pointed  class  —  a  line 
of  marks  from  Sodor ;  another  from  a  brooch  found  at  Largs  ;  anocher 
from  the  Ferroe  Islands,  and  still  another  from  the  Kobelicher  Uune. 

To  give  an  example  of  the  difficulty  with  which  these  Runic  scrawls 
were  translated,  I  will  relate  the  instance  connected  with  the  assassi- 
nation of  Snorre  Thurleson.  A  note  written  in  Runes,  and  warning 
Snorre  of  the  danger  of  assassination  was  sent  to  him,  but  neither  he 
who  was  so  justly  titled  the  Northern  Herodotus,  and  who  was  so 
deeply  versed  in  the  lore,  nor  any  of  his  attending  friends  were  able  to 
interpret  its  meaning. 

There  is  among  the  Icelandic  accounts  of  the  early  voyages  to  this 
country,  a  narration  which  serves  to  support  the  Scandinarian  theorj 
of  this  inscription. 
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Lief  the  Fortunate  sailed  in  the  year  1000  with  thirty-five  com- 
panies in  search  of  those  lands  which  Bjarne  had  asserted  that  he  had 
seen  in  the  distance.  Afler  passing  Newfoundland,  which  they 
called  Helluland  and  Nova  Scotia,  to  which  they  gave  the  name 
Markland,  they  arrived  at  an  island^  afler  sailing  two  days  and  nights. 
This  island  may  be  supposed  to  have  been  Monhegan,  from  the  follow- 
ing circumstances.  The  Northmen  saw  on  the  horizon  mountains 
blue  with  distance.  Such  the  Camden  Mountains  appear  to  the  ob- 
server at  Monhegan.  The  island  lay  direct  east  from  the  main  land. 
This  is  the  position  of  Monhegan.  From  this  island  they  sailed  into  a 
river  close  by,  and  were  wafted  by  the  tide  into  a  lake  whose  waters 
teemed  with  the  largest  and  finest  salmon.  Near  by  they  built  their 
booths,  which  they  called  Liefsbudir,  and  passed  the  winter. 

This  river  is  well  represented  by  the  Kennebec,  which  flows  into 
the  ocean  close  by  Monhegan,  and  Merry-Meeting  Bay,  the  so-called 
confluence  of  the  Kennebec  and  Androscoggin  Rivers  corresponds  ad- 
mirably to  the  lake  before  mentioned.  Moreover,  I  am  informed  by 
Mr.  Williamson,  the  historian  of  the  State,  that  about  two  centuries 
ago,  the  early  settlers,  when  clearing  the  lands  on  the  banks  of  the 
Kennebec  above  its  confluence,  discovered  what  appeared  to  be  the 
remains  of  chimneys  and  mouldering  ruins,  over  which  grew  an  an- 
cient forest.  These  may  have  been  the  remains  of  Liefsbudir,  —  the 
relics  of  seven  centuries. 

If  this  scrawl  was  not  made  by  Lief  or  his  companions,  it  may  have 
been  made  by  Karlsfne,  during  the  voyage  made  in  search  of  the  lost 
Torhall,  when  sailing  north  from  Vineland  he  came  to  lands  which 
presented  in  every  view  noble  and  majestic  forests ;  or,  perhaps,  by 
Thorwald  in  his  expedition  in  the  direction  of  Maine  in  the  year  1004. 

For  three  centuries  the  Icelandic  accounts  maintain  that  the  North- 
men visited  our  coasts,  and  it  is  not  improbable  that  some  of  the  bold 
Tickings  were  attracted  to  this  island  whose  advanced  position  and 
lofly  heights  presented  the  earliest  view  of  land  to  the  mariner  ap- 
proaching the  coast  of  Maine,  and  here  they  may  have  rudely  at- 
tempted to  commemorate  their  discovery,  or  inscribe  hurriedly  to  the 
memory  of  a  departed  comrade. 

I  have  little  doubt  but  that  the  rock  on  which  this  inscription  occurs 
was  fissured  at  first  somewhat  by  nature,  and  that  the  advantage  was 
perhaps  embraced  by  the  Scandinavian,  but  I  would  like  to  inquire  of 
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geologists  whether  crystallization,  oouldy  bj  its  fissures,  form  this  long 
series  of  characters ;  and  precluding  the  theory  of  diluvial  or  glacid 
agency,  whether  any  one  would  dare  to  ascribe  them  to  that  foree 
hidden  and  mysterious  which  Camerarius  and  Toamefort  were  wont 
to  call  the  play  of  nature. 


PRACTICAL    SCIENCE. 


I.  MECHANICS. 

1  On  Efflorescence  from  Brick  Masonrt.  By  Lieat  E.  B. 
Hunt,  U.  S.  Corps  of  Engineers.  (In  the  form  of  a  letter 
addressed  to  Professor  E.  N.  Horsford.) 

Mr  DEAR  Sir.  —  I  herewith  inclose  a  quantity  of  efflorescent  salt, 
scraped  from  the  surfaces  of  brick  masonry  at  Fort  Adams,  New- 
port. This  salt,  as  I  have  already  informed  you,  is  highly  destractive 
to  the  bricks  on  which  it  appears,  and  whoever  can  discover  a  com- 
plete preventive  against  its  formation,  such  as  to  admit  of  an  easy 
application  in  practice,  will  lay  engineers  and  builders  under  perpet- 
ual obligation.  I  have  thought  it  might  be  one  step  towards  so  desir- 
able a  result  if  you  would  call  the  attention  of  such  chemists  as  may  be 
in  attendance  at  the  Albany  meeting  to  this  important  problem. 

The  facts  are  briefly  these :  brick  masonry  laid  in  hydraulic  mortar, 
and  exposed  to  the  action  of  sea  air,  soon  exhibits  an  efflorescence  oTer 
the  entire  exterior  surface.  The  efflorescent  crystallization  first  ibnns 
under  the  outer,  hard  coating  of  the  brick,  and  then  an  exfoliation  of  bride 
scales  results.  The  harder  crust  being  gone,  each  successive  crystal- 
lization throws  off  a  portion  of  brick  dust,  until  in  a  few  years  an  inch 
or  two,  or  even  whole  bricks,  will  be  disintegrated.  The  sofler  bricks 
are  more  rapidly  destroyed,  but  none  wholly  escape.     At  Fort  War- 
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ren  the  intrados  course  of  arch  bricks  is  laid  in  fat  lime  mortar,  be- 
cause the  effect  of  hydraulic  lime  has  been  found  to  be  very  great  in 
inducing  this  efflorescence.  The  same  type  of  action  as  in  Brard's 
process  for  testing  the  durability  of  building  materials,  is  obviously  at 
work  in  the  successive  exfoliations  of  brick  masonry.  The  origin  of 
the  efflorescent  salt  is,  doubtless,  in  great  part  from  the  hydraulic 
cement  and  brick,  but  there  is  not  that  precise  knowledge  of  facts 
which  ought  to  be  attained  in  so  important  a  matter.  The  whole  prob- 
lem needs  thorough  investigation  at  the  hands  of  chemists,  for  it  is 
altogether  a  chemical  one  and  not  one  for  the  engineer.  The  only  theory 
of  causation  of  which  I  am  aware,  is  that  of  General  Totten,  the 
chief  engineer,  who  reasons  thus  in  the  premises.  Drying  is  an  essen- 
tial condition  for  all  efflorescent  crystallization.  By  saturating  or  coat- 
ing with  substances  strongly  absorbent  of  moisture,  the  dryness  neces- 
sary for  efflorescence  may  be  prevented.  Solutions  of  soft  soap,  chlor- 
ide of  calcium,  bitter  water,  etc,  on  trial  seem  to  obviate  efflorescence 
in  small  pieces  of  brick,  but  give  unsatisfactory  results  in  large  masonry 
masses.  This  theory,  ingenious  though  it  is,  seems  too  much  like  an 
application  of  main  strength,  and  certainly  is  rather  treating  a  symptom 
than  the  disease.  This  efflorescence  is  the  result  of  certain  chemical 
reactions  in  the  masonry  masses ;  and  the  normal  remedy  would  seem 
to  lie  in  a  clear  tracing  out  of  these  reactions,  and  in  the  use  of  some 
new  ingredient  to  prevent  or  modify  the  combining  processes  leading 
to  the  destructive  crystallization.  Any  method,  not  chemical,  would 
seem  of  doubtful  efficacy,  and  no  chemical  process  has  yet  been  em- 
ployed. By  an  appeal  to  the  multitude  of  chemists,  it  is  possible  that 
some  one  may  hit  on  the  fortunate  stabilitator  of  existing  combinations, 
or  divertar  from  efflorescent  combinations.  It  would  be  difficult  to  es- 
timate the  annual  value  of  a  process  answering  this  requirement  with 
practical  facility ;  but  it  would  be  of  immense  benefit,  even  on  our 
fortifications  and  light-houses  alone. 

Our  hydraulic  limes  contain  soda  and  potassa,  which  seem  to  pene- 
trate the  brick,  under  the  influence  of  the  sea  air,  and  thence  to  pro- 
trude under  new  combinations  in  crystals  of  the  character  now  trans- 
mitted. I  have  seen  two  or  three  embrasure  soles,  which  had  been  for 
several  years  essentially  unventilated,  on  which  a  crop  of  filamentous 
crystals  as  delicate  as  cotton  wool,  formed  a  coating  of  about  one  inch 
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deep.  In  most  instances,  wet  weather  runs  these  fine  crystals  into  a 
mass  or  crust,  from  which  new  ones  again  form  in  drj  weather. 
Whether  the  fact  that  the  efflorescence  in  question  is  limited  to  the 
seaboard,  finds  an  adequate  explanation  in  the  fogs  and  moisture  of  the 
sea  exposures,  I  cannot  say ;  but  this  cause  would  seem  to  be  inade- 
quate, and  if  so,  the  saline  ingredients  of  sea-water  most  take  part  in 
the  process.  The  transfer  of  sea  salts  in  spray  borne  by  the  wind,  is 
not  to  be  overlooked.  In  this  connection  it  may  be  well  to  call  atten- 
tion to  the  bearing  of  the  experiments  by  Vicat  and  others,  on  the 
destructive  action  of  sea-water  on  certain  mortars,  recorded  in  the 
Comptes  Rendus  and  elsewhere. 

It  is  a  general  fact,  that  the  chemistry  of  mortars  and  cements  needs 
additional  investigation ;  but  this  special  problem  of  efflorescence  from 
brick  masonry  is  one  more  urgent  than  the  others,  as  the  la(^  of  a 
proper  solution  is,  to  a  considerable  extent,  prohibiting  seaboard  briek 
masonry,  and  compelling  a  resort  to  more  expensive  stone  constractions. 


U.  MISCELLANEOUS. 

1.  On  System atizinq  the  Abbreviations  op  Titles  op  Peri- 
odicals, Transactions,  etc.  By  Lieut.  E.  B.  Hunt,  U. 
S.  Corps  of  Engineers.  (In  the  form  of  a  letter  to  Professor 
A.  D.  Bache.) 

In  preparing,  under  your  direction,  an  Index  6f  the  titles  of  papere  on 
subjects  involved  in  the  operations  of  the  Coast  Survey,  gathered  finom 
all  the  Scientific  Periodicals,  Transactions,  Memoirs,  etc,  to  which  I 
can  obtain  access,  one  unanticipated  difficulty  has  again  and  again 
perplexed  me.  Every  title  which  I  take  out  must  contain  an  abbre- 
viation of  the  title  of  the  work  from  which  it  is  taken  ;  hence  I  have 
been  obliged  to  write  many  thousands  of  these  abbreviations  while 
gathering  the  materials  for  this  Coast  Survey  Index.     It  is  therefore 
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a  matter  of  considerable  moment  that  these  abbreviations  should  be  as 
brief  as  possible  while  serving  their  primary  pnrpose.  The  special 
difficulty  to  which  I  refer  is,  that  there  is  no  authentic  code  of  abbre- 
viations in  general  use,  and  that  many  of  those  particular  forms  which 
I  have  encountered  are  long,  unwieldly,  indeterminate,  and  conflicting. 
In  many  instances  I  have  to  coin  abbreviations,  and  in  many  others 
there  are  insuperable  objections  to  such  as  are  now  more  or  less  in 
vogue. 

This  subject  is  more  important  than  it  might  at  first  appear,  for  these 
abbreviations  are  not  only  written  and  printed  thousands  of  times  each 
year,  but  every  cultivator  of  science  must,  as  a  part  of  his  special 
training,  become  familiar  with  the  abbreviations  which  concern  his 
own  departments  of  research,  as  a  kind  of  special  alphabet  Hence 
the  abbreviated  forms  ought  to  be  as  short  as  possible  without  losing 
distinctness,  to  save  needless  writing  and  memorizing.  This  will  be 
better  appreciated  when  we  bear  in  mind  that  the  list  of  Agassiz  and 
Strickland  contains  one  thousand  two  hundred  and  eighty-four  titles 
of  acts,  journals,  and  collections  of  papers  on  zoology  and  geology 
alone,  without  being  complete  even  on  those  subjects,  while  each  of 
these  titles  must  probably  have  one  or  more  abbreviations  in  use. 
"We  ought  not  to  forget  that  we  are  even  now  but  at  the  beginning  of 
scientific  expansion,  and  that  each  succeeding  year  is  bringing  into 
being  accessions  to  the  long  array  of  scientific  records.  It  is  therefore 
of  the  greatest  prospective  importance  that  principles  for  abbreviating 
titles  should  now  be  settled,  and  that  practice  should  as  rapidly  as  pos- 
sible be  brought  to  a  uniformity  based  on  these  principles.  In  1856 
we  should  bear  in  mind  that  the  year  2000  is  to  come,  and  that  then 
the  records  of  science  will  be  found  under  at  least  a  myriad  of  sepa- 
rate periodical  titles,  and  each  series  will  contain  matters  for  future 
reference,  just  as  we  now  refer  to  the  various  early  series  of  Trans- 
actions for  the  investigations  of  our  predecessors.  The  results,  on 
being  aggregated,  would  doubtless  make  a  proper  subject  for  publi- 
cation by  the  Smithsonian  Institution.  It  seems  to  me  that  some 
plan  of  this  general  character  would  be  feasible.  Should  the  Ameri- 
can Association  share  this  impression,  it  is  in  its  power  to  initiate  the 
measure,  and  test  its  practicability  with  no  fear  of  bad  results.  The 
demand  of  coming  generations  will  be  for  freedom  of  memory,  and  our 
duty  is  to  make  their  mnemonic  burdens  a  minimum. 
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I  will  cite  here  a  few  instances,  and  these  not  the  [worst,  to  show 
how  unsettled  and  chaotic  our  existing  practice  of  abbreviatioD  is. 
The  American  Journal  of  Science  b  abbreviated  to 


Am,  J.  Sd.,  by  Prof.  Dana,  one  of  the  editon. 

Am.  J.,        ] 

Amer,  J.,      \hj  AgasBiz  and  Strickland,  in  Index 

Amer,  Jour.,  J 

Jour,  of  Sci.,  by  Poole,  in  his  Index. 

SiU.  Am.  J.,  by  Liebig  and  Kopp,  in  Annoal  Report,  etc 

SiUim.  J.,  by  Dr.  Schabarth  in  his  new  Repertoiinm. 


The  Philosophical  Transactions  of  the  Roy.  Sec  liondon,  are  ab 
breviated: —  * 

^^:  ^''      \  hy  AgaflBii  and  Strickland. 
Phil.  Tnma.,  S    ^  ^ 

Philos.  Jhuuact.f  by  Reass,  in  his  Bepertoriam. 

PA.  tr,,  by  Dr.  Young,  in  his  Index. 

The  Comptes  Reudus  as  follows :  — 

Compt.  Rend.,  by  Liebig  and  Kopp. 

Compt.  r.,  by  Schubarth. 

C.r., 


C.R., 

Comptea  Rendm, 

Compt.  Bend., 


by  AgaAsiz  and  Strickland. 


The  French  Academy  and  Institute  Memoirs    are   thus  abbreTi- 
ated :  — 

Mem.  de  Pcuris.,  by  Renss. 

;J;J;;(byYonng. 


M€m.  Acad.  Sc.  Par., 

M^m.  Acad,  da  Sc., 

M€m.  Sav.  €tr., 

M€m.  8.  Pr€8.  a  VAcad., 

Mem.  Inst.,  is  common  for  the  later  Memoirs. 


by  Agassiz  and  Striddand. 


This  chaotic  diversity  is  common  to  nearly  all  abbreviiitions  in  the 
above-cited  works,  where  they  must  have  received   rather   special 
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deliberation,  and  by  referring  to  individual  modifications  by  separate 
investigators,  a  perfect  Babel  of  usage  will  be  found.  That  this 
is  a  real  evil,  I  assume  none  will  question.  Can  it  be  corrected,  is  a 
question  on  which  different  opinions  will  probably  be  found  to  exist. 
Certainly  correction  cannot  come  without  some  effort,  and  without 
the  aid  of  time.  There  is  time  enough  ;  there  ought  to  be  effort  enough. 
Things  cannot  be  worse,  for  there  is  now  nothing  fixed.  Conserva- 
tism has  nothing  to  fear  in  this  instance. 

It  has  occurred  to  me  as  a  plan  which  would  stand  a  respectable 
chance  of  success  for  the  American  Association  to  initiate  a  reform 
by  consigning  the  subject  to  a  special  committee  with  instructions  to 
invite,  in  behalf  of  the  Association,  the  cooperation  of  other  countries 
concerning  their  own  periodicals,  etc.  Thus,  for  instance,  the  Am^ 
Assoc,  might  fix  such  abbreviations  for  all  American  scientific  issues. 
It  might  by  correspondence  invite  the  cooperation  of  the  British  Asso- 
ciation or  Phil.  Soc.  for  British  periodicals,  etc. 

Some  principles  of  abbreviation  might  here  be  elaborated,  but  I 
shall  only  say  in  brief:  First,  that  abbreviations  should  be  as  brief  as 
possible  without  becoming  obscure.  The  motto  should  be,  "  Abbrevia- 
tions that  are  abbreviations."  Secondly,  only  the  leading,  character- 
istic words  of  a  title  should  find  place  in  an  abbreviation.  Connecting 
particles  should  be  thrown  out.  The  possessive  or  genitive  form, 
which  is  by  far  the  most  frequent,  can  be  easily  disposed  of  by  using 
the  apostrophe  or  possessive  sign  for  o/*  or  of  the.  Thus,  Am.  J.'  Sci. ; 
J.'  Soc'  Alts.  Thirdly,  certain  words  of  very  frequent  occurrence 
should  be  reduced  to  their  initial  as  an  abbreviation ;  as  J.  for  Jour- 
nal ;  M.  for  Memoirs ;  N.  for  New,  Nouvelle,  Nuovo,  Neue,  Nova ; 
others  to  two  initials,  as  Ph.  for  Philosophical ;  Tr.  for  Transactions ; 
An.  for  Annals ;  Ac.  for  Academy,  etc.  In  general  the  abbreviation 
for  the  same  word,  when  frequently  occurring,  should  be  constant  and 
a  practical  minimum  in  all  combinations,  and  when  possible,  the  same 
in  different  languages.  Fourth,  location  should,  as  a  general  rule,  en- 
ter each  abbreviation  in  some  form  ;  as,  M.'  Ac'  Par.  for  the  Paris 
Academy  Memoirs ;  Am.  Ph.  Tr.,  American  Philosophical  Transac- 
tions. These  hints  will  sufiice  to  show  that  there  are  principles  in 
this  matter  which  should  be  carefully  elaborated  and  weighed. 

It  may  be  that  the  coinage  of  abbreviations  under  compulsion  which 
has  fallen  to  my  lot,  leads  me  to  attach  an  undue  importance  to  the 

(19») 
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subject,  but  I  am  confident  that  a  like  experience  would  make  most 
persons  quite  as  desirous  of  seeing  an  eUabUshed  code  ofahbrmaiMU 
for  all  the  world  as  I  have  become. 

Very  truly,  yours,  &;c 

E.  B.  HUNT,  Lieut.  Corps  of  Engfa. 


The  following  papers  were  presented  and  most  of  them  were  read.    They  an  mi 
printed,  because  no  copy  was  furnished  for  publication :  — 

I.    MATHEMATICS  AND  PHYSICS. 

1.  The  Elements    op   Potential  Arithmetic.     By  Bekja- 

MiN  Peibce. 

2.  AlNalttical  Discussion  op  the  Motion  of  a  Body  undb 

THE  Action  op  Central  Forces.    By  Benjamin  Peibce. 

3.  Morphological   Discussion   op  the  Laws    op   Centbal 

Forces.    By  Benjamin  Peirce. 

4.  Motion  op  a  Boot  upon  a  Solid  op  Revolution,  whes 

THE  Force  is  directed  towards  a  point  upon  thb  Axis. 
By  Benjamin  Peirce. 

5.  On  the  Increase  op  Accuracy  in  the  Mean  Result,  bt 

Augmenting  the  number  op  Observations.     By  Dr.  C 
H.  F.  Peters. 

6.  On   the   Interpretation    op   some    Cases    op  Appabkst 

Geometric  Discontinuity.    By  J.  B.  Cherriman. 

7.  Note   on   the   Rotation    op  a   Rigid   Body.    By  J.  B. 

Cherriman. 

8.  The   Fundamental  Numeric  Series,  and  Divergbncb  o? 

Radiating  Parts,  reduced  to  a  Simple  Organological 
Idea.    By  Dr.  T.  C.  Hilgard. 
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9.  Bepobt   on  the   Present   State  of  Organic  Chemistry. 
By  Dr.  Wolcott  Gibbs. 

10.  On  the  Advantage  of  Observing  a  Lunar  Spot  instead 

OP   A  Limb,  in  transits,  for  determining  the   Differ- 
ence OF  Longitude.    By  Dr.  C.  H.  F.  Peters. 

11.  Researches   concerning  the  Comets   of  1783  and  1793, 

By  Dr.  C.  H.  F.  Peters. 

12.  On  the  Next  Appearance  of  the  Periodical  Comet  op 

Thirteen  Tears.    By  Dr.  C.  H.  F.  Peters. 

13.  On  the  Physical  Peculiarities  of  Comets.    By  Stephen 

Alexander. 

14.  A  Report  on  the  New  Methods    of   Observation   nott 

IN  USE  AT  the  Cincinnati  Observatory:  — 

1.  New  method  of  right  ascension,  as  to  its  limit  of  accuracy. 

2.  Kew  method  of  declination,  as  to  its  limit  of  accuracy. 

3.  New  method  of  determining  personal  equation  and  personal  error. 

4.  New  method  of  determining  instrumental  errors. 

5.  New  method  of  determining  clock  errors. 

6.  Observations  on  changes  of  figure  of  materials. 

By  O.  M.  MiTCHEL. 

15.  On  the  Results   of   the  United    States   Astronomical 

Expedition  to  Chili,  for  the  Determination  of  the 
Solar  Parallax.    By  B.  A.  Gould,  Jr. 

16.  On  some  Si*ecial  Arrangements  of  the  Solar  System, 

WHICH  seem  to  Confirm  the  Nebular  Hypothesis.  By 
Stephen  Alexander. 

17.  Tidal    Currents    in    Saturn's    Ring.       By     Benjamin 

Peirce. 

18.  On  the  Relative  Age  of  the  different  portions  of  the 

Moon's  Surface,  and  the  Catastrophe  to  which  a 
large  portion  seems  to  have  been  Subjected.  By 
Stephen  Alexander. 

19.  Further    Investigation    relative    to    the    Form,    the 
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Magnitude,  the  Mass,  and  the  Orbit  of  the  Asteroid 
Planets.     Bj  Stephen  Alexander. 

20.  On  Tables  of  the  Asteroids.    By  F.  Brunnow. 

21.  On   Temporary   Stars,  and    the    Spheroidal  Obigix  op 

the  Forms  of  Clusters  and  Nebulae.  By  Stepheh 
Alexander.  • 

22.  On   the    Phenomena    of    the    Discharge    of    ORDCfARi 

Electricity.     By  Joseph  Henry. 

23.  Remarks  on  the  Use  of  the  Aneroid  Barometer. 

24.  On    a    Modification    of    Noremburg's   Apparatus.    Bj 

Sanderson  Smith. 

25.  Report    on    the  Observatory  at   Toronto.     By  J.  B. 

Cherriman. 

26.  On    the   Production    of   Rotary    Currents   in  Air  ahd 

OTHER  Gases;  with  a  Special  Illustration  of  a 
Rotary  Current  rendered  Luminous  by  Flame  asd 
Incandescent  Charcoal.    By  Dr.  D.  B.  Reid. 

27.  On  the  Formation    of   Air   Bubbles   by  Drops  fallisg 

ON  the  Surface  of  Water,  etc.  By  William  B. 
Rogers. 

28.  On    Certain    Movements    of    Ponderable    Bodies,  axd 

Certain  Sounds  which  cannot  be  Traced  to  ast 
KNOWN  Physical  Cause.     By  Dr.  Hare. 

29.  On  the  History  and  Theory  of  the  Instruments  knows 

as  rotascopes,  gyroscopes,  etc.  by  william  b. 
Rogers. 

30.  On  THE  Forms  of  the  Atoms  of  the  Simple  Substances 

OF  Chemistry,  as  Indicated  by  their  Atomic  Weights, 
By  Stephen  Alexander. 

31.  Researches    on    the    Ammonia-Cobalt    Bases.     By  Dr. 

WoLCOTT  Gibbs,  and  Dr.  F.  A.  Genth. 

82.  Remarks  on  Ozone  Observations.    By  William  B,  Rog- 
ers. 
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83.  On  the  Modifications  of  Sesquioxide  of  Chbomium.    Bj 

E.  N.  Horsfobd. 

84.  On   the   Waters    of    the    St.   Lawrence    and    Ottawa 

Rivers.    By  T.  Sterrt  Hunt. 

S5.  Notice  of  a  Locality  of  Gigantic  Crystals  of  Alla- 
NiTE,  WITH  Specimens.    By  William  P,  Blake. 

86,  On  a  Possible   Modification   of  one   of  the  Methods 

OF  Ascertaining  the  Density  of  the  Earth.  By  Stephen 
Alexander. 

87,  Discussion  of  the  Terrestrial  Magnetic  Elements  foe 

THE  United  States,  from  Observations  in  the  Coast 
Survey  and  others.     By  A.  D.  Bache,  and  J.   E.  Hil- 

GARD. 

i38.  Notice  of  Observations  to  Determine  the  Cause  of 
THE  Increase  of  Sandy  Hook,  made  by  the  Coast  Sur- 
vey, FOB  THE  CoMMISSIONEBS   ON  HaBBOB   EnCBOACHMENTS 

OF  New-Yobk.    By  A.  D.  Bache. 

89.  Notice  of  Obsebvations  to  Detebmine  the  Pbogbess  of 
THE  Tidal  Wave  of  the  Hudson  Riveb,  made  by  the 
Coast  Subvey  fob  the  Commissionebs  on  Habbob  En- 
CBOACHMENTS.    By  A.  D.  Bache. 

40.  On   the  Annual    Duration   of  Sunlight  on  the  Earth 

in  Different  Latitudes.    By  L.  W.  Meech. 

41.  On  the  Altitude  and  Physical   Structure  of  the  Ap- 

palachian System  in  the  Region  of  the  Black  Moun- 
tains IN  North  Carolina,  compared  with  those  of  the 
White  Mountains  in  New  Hampshire.    By  A.  Guyot. 

42.  Observations    on    the    Andes    in    Bolivia.      By   J.    R. 

LOOMIS. 

48.  The  Plan  of  Reduction  of  the  Meteobological  Obsbb- 
vations    bepobted    to     the    smithsonian    institution, 

ADOPTED  BY  THE  SeCBETABY.   By  JaMES  H.  CoFFIN. 
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44.  On  an   Improvement   in   the  Anemometer.     By  Charles 

Smallwood. 

45.  Description  op  an  Unique  Form  op  Hail  ob  Sleet.    By 

Edward  Hitchcock. 

46.  A  Brief  Exposition  op  the  Absurdity  op  the  Doctrine 

WHICH  REPRESENTS  THAT  ANT  StORM  CAN  BE  A  TRAVEL- 
LING Whirlwind,  unless  as  a  Consequence  of  Cen- 
tripetal Currents  ;  or  that  if  due  to  such  Cureekts, 
it  can  have   a  diameter  much  more  than  eighty-one 

TIMES  THE  HEIGHT  OF  THE  STRATUM  OP  THE  AtMOSPHEBE 
WITHIN   WHICH   IT   MAY   BE    GENERATED.       By    Dt.    HaRE. 

47.  On   the   Meteorological   Phenomena   during    the  Epi- 

demic OF  1855,  AT  Portsmouth,  Virginia.  Bj  Nathan 
B.  Webster. 
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48.  On  some  Points  in  the  Geology   op  the  Upper  Missis- 

sippi Valley.    By  James  Hall, 

49.  On  the   Carboniferous    Limestones   op   the    Mississippi 

Valley.     By  James  Hall. 

50.  Generalities  of  the  Geology  of  Oregon  and  Northern 

California.    By  J.  S.  Newberry. 

51.  The  Metamorphic  Action  of  Silicious  Thermal  Springs. 

By  J.  S.  Newberry. 

52-   Sketch  of  the  Progress  of  Geology  in  Alabama.     By 

M.   TUOMEY. 

68.  The  PER»nAN  and  Triassic  Systems  of  North  Carolina. 
By  Ebenezer  Emmons. 

54.  Some   Observations    on   the    Coal-Fields    of    Illinois. 
By  R.  P.  Stevens. 
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65.  Notice  of  a  Remarkable  Instance  op  Inclined  Strati- 
fication IN  Warren  county,  New  York.  By  J.  D.  Whit- 
ney. 

56.  Lateral    Disturbance   in   the    Surface   Strata  in  the 

Sandstone  Quarries  of  Newark,  New  Jersey.    By  Ed- 
ward Hitchcock. 

57.  On  some  Eufhotides,  and  other  Felspathic  Roc^s.    By 

T.  Sterry  Hunt. 

58.  On  the  Serpentines  of  the  Green  Mountains,  and  some 

of  their  Associates.    By  T,  Sterry  Hunt. 

59.  Observations  on  the  Geology  of  the  Region  between 

the   Mississippi   and   the  Pacific  Ocean,  with  a  Map. 
By  William  P.  Blake. 

60.  On  the   Results    op   Collections   op  Fossils  during  a 

period  op  Ten  Years  in  the  Limestones  op  the  Lower 
Helderberg.    By  James  Hall. 

61.  Proofs  of  the  Protozoic  Age  op  some  op  the  altered 

Rocks    of   Eastern  Massachusetts,  from  Fossils  re- 
cently discovered.    By  William  B.  Rogers. 

62.  The  Deposits   op   Fossil  Fishes  and  Reptiles   op  Lin- 

ton, Ohio.    By  J.  S.  Newberry. 

68.  The  Tertiary  Flora  of  the  Upper  Missourl  By  J.  S. 
Newberry. 

64.  On  the  Geological    Position   op   the   Remains  of  the 

Extinct  Peccary  op  the  North-west.    By  J.  W.  Foster. 

65.  Together  with  some  Observations  on  their  Dentology. 

By  Jeffries  Wyman. 

66.  Description  op  a  Fossil  Shell  found  in  the  Sandstone 

OF  THE   Connecticut   Valley,   probably  belonging  to 
THE  Genus  Spherulites.    By  E.  Hitchcock,  Jr. 

67.  Exhibition  op  Fossil    Cetacea   from   Maine.    By  A.  C. 

Hamlin. 
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68.  MuD-NESTs  OP  THE  Tadpole,  Becent  Ain>  Fossil.    By  Ed- 

WAED  Hitchcock. 

69.  On  AiYiMAL   Development  :   Part  I.    The  Ego  ;   Pakt  E. 

The  Embbto  ;  Part  III.  One-celled  Animals.  By  Louis 
Agassiz. 

70.  On  Viviparity  and  Oviparitt.    By  Louis  Agassiz. 

71.  On  the  Classification  of  Turtles.     By  Louis  Agassiz. 

72.  On  the  Organization   op  the  Aoanthocephala.    By  D. 

F.  Weinland. 

73.  On  the  Influence  of  Light  and  Water  on  the  Direc- 

tion OF  the  Plumule  and  Radicle  in  the  Gebminatiok 
OF  THE  Seed.    By  James  Dascomb. 

74.  Queries   relative  to    some   Indications   of  Human  Ix- 

STiNCT,  AS  Illustrated  by  Primitive  Arts.  By  Daniel 
Wilson. 

75.  The  Value  of  Physical  Conformation  as  an  Elembbt 

OF  Ethnological  Science.    By  Daniel  Wilson. 

76.  Considerations    upon    the    Evidences    of    the  Eablt 

Voyages  of  the  Scandinavians  to  this  Country,  and 
upon  the  Cosmical  Myths  supposed  to  relate  to 
America.    By  A.  C.  Hamlin. 
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The  Tenth  Meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  was  held  at  Albany,  N.  Y.,  commencing  on  Wednes- 
day, August  20,  and  continuing  to  Thursday  noon,  August  28. 

The  number  of  names  registered  in  the  book  of  members  in  attcn'l- 
ance  on  this  meeting  is  three  hundred  and  eighty-one.  Two  hundred 
and  six  new  members  were  chosen,  of  whom  all  but  thirty-eight  have 
already  accepted  their  appointment,  paying  the  assessment  and  signing 
the  constitution.  Thirty-one  others  have  joined  the  Association  by 
virtue  of  Rule  2  or  3.  Seven  others  have  paid,  without  a  formal  elec- 
tion, or  signing  the  constitution.  One  hundred  and  forty-six  papers 
were  presented ;  most  of  which  were  read,  but  only  a  part  have  been 
printed.  Some  were  thought  unworthy  of  publication,  and,  in  other 
cases,  copies  have  not  been  furnished  by  their  authors. 

The  sessions  of  the  Association  were  held  in  the  capitol  of  the 
State. 

The  meeting  was  opened  by  a  prayer  from  Rev.  William  B. 
Sprague,  D.  D.  Then  the  President,  Professor  James  Hall,  made  the 
following  Address :  — 

(20) 
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Gentlemen  of  the  Association  for  the  Advancement  or 
Science:  —  On  taking  the  chair  as  President  of  this  Association,  I 
should  do  injustice  to  my  own  feelings  were  I  not  to  express  to  joa 
my  sincere  and  heartfelt  appreciation  of  your  kindness  and  oonfidenoe 
in  honoring  me  with  your  choice,  —  esteeming  that  expression  of  year 
regard  both  as  a  personal  favor  and  as  a  tribute  to  the  science  in  whose 
cause  I  am  the  earnest  devotee  and  laborer.  Left  to  myself  I  coold 
never  have  assumed  the  position  or  its  responsible  duties ;  but  your 
partiality  almost  makes  me  forget  my  own  unfitness ;  —  still  I  hesitate, 
as  I  am  about  to  assume  the  obligations  which  have  been  so  well  and 
so  ably  discharged  by  those  of  my  fellow  members  who  have,  with  so 
much  honor  and  dignity,  filled  this  place. 

To  my  friends  around  me  I  look  for  aid  and  counsel,  for  the  right 
and  impartial  discharge  of  the  duties  devolving  upon  me ;  and  to  yoo, 
Gentlemen  of  the  Association,  I  must  appeal  for  that  kind  forbearance 
which  may  serve  in  some  degree  to  render  my  duties  less  onerous,  and 
my  failures  less  embarrassing. 

We  have  again  met  together  afler  the  usual  interval,  to  compare  the 
results  of  our  labors  in  the  service  of  Truth,  —  for  Science  is  only  an- 
other expression  for  the  true  in  the  Universe.  We  have  come  not  only 
from  all  parts  of  the  United  States,  but  I  see  around  me  others  who 
dwell  amid  different  social  and  political  surroundings.  But  here  we 
all  meet  upon  common  ground,  and  with  a  common  object  in  view. 

Science  recognizes  no  artificial  boundaries,  —  the  heavens  present  no 
civil  or  political  divisions,  —  nor  do  the  formations  of  the  earth  on 
which  we  stand  recognize  the  limits  of  states  or  countries. 

Is  it  strange,  then,  that  we  should  forget  artificial  distinctions  and 
divisions,  in  the  pursuit  of  the  great  objects  in  which  we  are  en- 
gaged, —  each  one  viewing  the  labor  of  his  fellows  with  that  generoos 
spirit  which  places  it  in  its  true  position  in  the  scale  of  merit. 

We  come  together  not  to  proclaim  dogmas  but  to  contribute  our 
atoms  of  truth  to  the  great  fabric  of  Science.  We  have  all  gone  back 
to  the  manifestations  of  the  great  Creator  of  the  Universe  for  the 
study  of  those  truths  and  those  laws  which  were  conceived  by  one  mind 
and  impressed  by  one  wiU  upon  all  created  things. 

Tlie  scintillations  from  yonder  heavens,  and  the  scarcely  less  bril- 
liant gems  of  earth,  tried  by  the  laws  of  physics  and  of  chemistry,  will 
be  displayed  before  us.     The  development  of  vitality  and  the  problem 
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of  life,  in  its  past  and  its  present  phases,  will  not  be  the  least  interest- 
ing exhibition  of  our  labors,  and  all  these  are  to  be  woven  together  in 
one  harmonious  whole,  to  constitute  our  Science. 

The  title  of  our  Association  distinctly  proclaims  its  objects.  Tt  is 
for  the  advancement  of  Science,  and  not  for  its  diSbsion,  that  we  meet. 
It  is  in  the  hope  of  communicating  new  truths,  and  of  adding  some- 
thing to  the  common  stock  of  knowledge  that  we  have  associated  our- 
selves. 

To  those,  therefore,  who  are  not  of  us,  but  who,  nevertheless,  honor 
us  with  their  countenance  and  presence,  we  maj  excuse  ourselves  for 
making  no  popular  display,  and  for  discussing  questions  purely  in  their 
scientific  relations. 

But  it  is  not  to  be  understood  ft*om  this,  that  our  labors  have  no 
relation  to  the  requirements  of  the  active  world  around  us ;  —  scarcely 
an  intelligent  person,  but  must  feel  that  Science  has  done  much  for 
human  advancement. 

It  is  no  degradation  to  Science  to  put  her  hand  to  the  plough,  the 
loom,  and  the  anvil,  to  speed  the  traveller  on  his  way  at  such  a  rate 
that  the  term  travelling  will  soon  become  obsolete,  and  to  convey  intel- 
ligence from  man  to  man  over  wide  distances  even  in  advance  of  time 
itself. 

All  this  and  much  more,  which  this  occasion  will  not  allow  me  to 
speak  of,  has  Science  done  for  practical  life ;  —  and  in  all  this  she  has 
advanced  civilization,  —  has  promoted  the  comforts,  the  happiness,  and 
well-being  of  mankind.  Is  she  not,  therefore,  as  a  handmaid,  worthy 
of  your  consideration,  worthy  of  being  recognized  and  inquired  of  by 
the  recipients  of  her  bounty,  whether  her  convenience  or  welfare  may 
not  be  promoted  in  some  degree  or  in  some  manner,  that  she  may  the 
more  rapidly  advance  those  great  objects  and  interests  which  lie  at  the 
foundation  of  modem  civilization  ? 

Before  concluding  I  cannot  forbear  calling  your  attention  to  the  cir- 
cumstance that  we  are  now  assembled  under  the  same  roof  where  our 
Association  in  embryo  first  met,  and  where  the  true  hearts  and  kindly 
spirits  of  some  among  our  departed  colleagues  first  held  counsel  upon 
the  question,  then  mbmentous,  whether  American  scientific  men  could 
be  prevailed  upon  to  unite  in  a  harmonious  confraternity  for  the  ad- 
vancement of  their  cause. 

In  yonder  chamber,  eighteen  years  ago,  sat  half  a  dozen  men  who 
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had  just  returned  from  the  arduous  field-labors  of  the  jear,  and  were 
comparing  their  observations  one  with  another,  and  each  one  commaai- 
cating  freely  new  facts  and  new  conclusions,  for  the  harmonious  work- 
ing of  the  whole  in  a  single  science.  This  labor  over,  the  question  of 
inviting  other  laborers,  in  the  same  field  of  science,  to  join  them  in 
similar  interchange  of  views,  facts,  and  results,  was  discussed ;  on  the 
one  hand  with  sanguine  hope,  and  on  the  other  with  timid  doubt. 

A  second  year  the  same  parties  were  assembled  in  the  same  room, 
and  around  the  same  table,  when  the  subject  was  again  discussed,  and 
what  had  before  appeared  desirable  now  seemed  a  pressing  necessity, 
and  it  was  decided  to  take  some  action. 

The  youngest  member  of  that  group,  who  felt  himself  too  inexpe- 
rienced to  take  any  prominent  part  in  these  discussions,  stands  before 
you  to  advocate,  not  his  own,  but  the  merits  of  his  colleagues ;  and, 
though  the  birth  of  the  Association  was  proclaimed  in  a  sister  city,  we 
claim  for  our  own  city  the  inception  of  the  Association  of  Amerieoi 
Geologists^  of  which  our  present  Association  for  the  Advanccmefid  of 
Science  is  the  legitimate  heir. 

Gentlemen,  again  asking  your  attention  not  so  much  to  the  stnet 
letter  as  to  the  spirit  of  our  Constitution,  I  shall  announce  that  our 
assembly  is  organized  for  the  transaction  of  business. 


At  the  conclusion  of  the  President's  address,  the  Hon.  Amasa  J. 
Parker,  in  behalf  of  the  Local  Committee  and  the  citizens  of  Albany, 
welcomed  the  members  of  the  Association  in  these  words :  — 

Mr.  President  and  Gentlemen  op  the  Association: — 
As  a  member  of  the  Local  Committee,  the  agreeable  duty  has  been 
devolved  upon  me  of  welcoming  you,  at  this  tenth  annual  meeting 
of  the  Association,  to  our  State  and  city.  We  recur  with  pleasure 
to  the  fact  that  this  is  the  second  time  we  have  been  honored  by  your 
presence  within  the  last  five  years ;  and  we  trust  our  city  may  he 
found  so  desirable  a  point  for  the  sittings  of  the  Association,  with 
reference  to  its  locality,  its  public  institutions,  the  love  of  science,  and 
the  energetic  devotion  of  many  here  to  its  interests,  as  to  lead  to  its 
selection  frequently  hereafter  as  the  place  of  meeting.     We  shall 
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always  stand  ready  to  extend  to  all  its  members  and  to  all  who  are 
attracted  to  its  meetings,  as  we  now  do,  a  most  cordial  welcome. 

The  hopes  of  science  in  this  country  centre  in  this  Association.  It 
embraces  the  most  learned  men,  not  only  of  our  own  country,  but  of 
the  whole  American  continent.  We  are  proud  of  the  reputations  of 
our  men  of  science,  already  commanding  the  respect  and  admiration 
of  the  Old  World.  Who  is  not  proud  of  the  reputations  of  Henry, 
Silliman,  Hall,  and  Bache  ?  Who  does  not  rejoice  that  the  love  of 
science  of  the  great  Franklin  is  continued  in  his  descendants  ?  Who 
is  not  proud  of  Peirce,  Mitchel,  and  Dana,  and  the  many  others  who 
are  by  no  means  to  be  considered  as  forgotten  on  an  occasion  like  this 
because  not  specially  named  ?  Who  does  not  rejoice  that  Agassiz,  the 
great  European  Naturalist,  was  attracted  to  make  our  country  his  res- 
idence, as  well  by  the  congeniality  of  his  associates  here,  as  by  the 
wide  field  afforded  for  scientific  exploration  ? 

We  claim  with  pride  our  full  share  in  the  great  scientific  discoveries 
of  the  age.  But  we  must  never  forget  that  science  has  no  country,  — 
that  it  is  limited  only  by  the  Universe  of  God,  —  that  it  is  but  the 
development  of  truth  which  pervades  all  the  works  of  the  Creator, 
revealed  to  its  votaries  in  propoition  to  the  merit  with  which  it  is 
pursued,  rewarding  with  its  attainment,  not  only  those  who  seek  for 
knowledge  for  the  intrinsic  pleasure  its  acquisition  affords,  but  blessing, 
in  some  form,  the  whole  human  race,  by  its  benign  aid  to  the  advance- 
ment of  agriculture,  commerce,  and  manufactures.  Science  thus  re- 
wards all,  by  affording  to  some  the  highest  mental  enjoyment,  and  to 
others  a  vast  increase  of  physical  comforts. 

In  the  spirit  of  this  universality  of  science,  and  in  the  hope  of  pro- 
moting more  extensively  the  objects  of  this  Association,  an  effort  was 
made  to  secure  the  attendance  at  this  meeting,  of  many  of  the  learned 
men  of  Europe.  A  general  printed  circular  was  addressed  to  the 
European  savans  last  winter,  from  the  Association  ;  but  the  invitations 
from  the  Local  Committee  were  not  sent  till  June,  in  consequence  of 
the  delay  incident  to  the  correspondence  with  ship-owners  and  agents 
on  both  sides  of  the  Atlantic.  The  owners  of  ocean  steamers  and 
packet  ships  promptly  and  most  generously  responded  to  the  request 
of  the  Local  Committee.  More  than  thirty-five  passages  across  the 
Atlantic  both  ways  were  placed  at  our  disposal.  These  free  passages 
were  tendered  cnly  to  those  most  eminent  in  science.     Such   men 
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coald  hardly  be  expected  to  leave  their  important  positions  and  trusts 
on  80  short  a  notice.  They  all  responded  to  oar  invitations  most 
gratefully,  and  expressed  an  earnest  desire  to  visit  this  country,  and  to 
attend  upon  the  present  occasion.  It  was  expected,  indeed,  until  Terj 
recently,  that  several  distinguished  foreigners  would  have  honored  ns 
by  their  presence ;  but  from  various  reasons  they  have  been  obliged 
reluctantly  to  decline.  Liebig,  for  whose  attendance  Mr.  Wadsworth 
had  made  so  generous  a  provision,  was  compelled  to  decline  the  invi- 
tation on  account  of  illness  in  his  family.  The  meeting  of  the  British 
Association  for  the  Advancement  of  Science  is  at  this  time  about  be- 
ing held,  and  doubtless  prevented  many  of  the  learned  men  of  England 
from  attending  here. 

The  Local  Committee  avail  themselves  of  this  occasion  to  express  tbe 
great  obligation  they  feel  to  the  ship-owners  and  mercantile  marine  of 
the  country  for  the  great'  liberality  they  liave  evinced  in  promoting 
the  objects  of  the  present  meeting  in  the  manner  before  stated. 

Tiie  Local  Committee  had  thought  it  best  to  avail  themselves  of  the 
presence  of  the  Association  to  inaugurate  two  institutions;  —  the  State 
Geological  Hall  and  the  Dudley  Observatory.  They  had  hoped  that 
the  vast  geological  collection  of  the  State,  for  which  we  are  so  mndi 
indebted  to  your  President,  Professor  Hall,  would  have  been  a^ 
ranged  and  placed  in  the  new  building  erected  by  the  State  for  that 
purpose,  in  time  for  the  present  meeting;  but  the  abrupt  adjoamment 
of  the  Legislature,  without  passing  the  supply  bill,  has  prevented  its 
completion  and  delayed  the  arrangement  of  the  specimens.  Mean- 
time large  additions  to  these  collections  are  being  made  by  the  curator, 
Colonel  Jewett,  who  is  now  in  the  field  for  that  purpose. 

The  new  instruments  for  the  Dudley  Observatory  have  been  delayed, 
from  unavoidable  causes,  much  longer  than  was  anticipated.  The 
great  Meridian  Circle,  now  nearly  finished  at  Berlin,  will  be  here  and 
mounted  in  a  few  weeks.  The  Transit  Instrument  is  now  finished  and 
on  its  way.  Both  of  these  were,  by  the  contract  made  by  Dr.  Gould, 
to  have  been  delivered  before  the  first  of  this  month.  The  delay  of 
tlie  former  was  occasioned  by  a  defect  in  the  first  casting  of  the  axis. 

The  Observatory  building  has  required  enlarging  for  the  recepticm 
of  an  instrument  of  so  much  larger  size  than  was  at  first  contemplated. 
The  clocks,  chronographs,  barometers,  thermometers,  and  magnetic 
apparatus  have  all  been  received,  and  will  be  open  to  your  inspection. 
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The  clocks,  to  give  us  time  here  during  our  meetings,  are  regulated  by 
the  instruments  in  Xhe  Observatory,  and,  when  all  our  arrangements 
are  perfected,  will  give  time,  if  required,  to  all  the  railroads  diverging 
from  this  city.  The  magnetic  current  from  yonder  hill  can  tick  the 
time,  correct  to  the  tenth  of  a  second,  at  Boston,  Montreal,  St.  Louis, 
and  New  Orleans.  Science  shall  thus  point  the  way  to  secure  to  the 
works  of  man  something  of  that  system  and  order  which  pervade  the 
works  of  God,  and,  in  contributing  largely  to  the  business  facilities  of 
the  age,  shall  lessen  greatly  the  hazards  of  human  life. 

We  acknowledge  the  great  obligations  which  science  and  its  votaries 
owe  to  the  public  press,  and  I  am  desired,  in  conclusion,  for  the  pur- 
pose of  securing  accuracy  in  the  published  accounts  of  the  proceedings 
of  this  Association,  to  request  that  the  reporters  who  may  attend  the 
meetings  from  day  to  day,  will  submit  their  reports  for  correction  to 
those  who  have  taken  part  in  the  proceedings,  before  sending  them  to 
press.  In  no  public  proceedings  can  apcuracy  be  more  desirable,  and 
more  difficult  to  be  secured  by  a  spectator,  than  in  matters  of  science. 

In  repeating  the  cordial  greeting  with  which  I  am  charged,  I  beg 
leave  to  assure  the  members  of  the  Association  of  the  pleasure  their 
presence  affords  to  our  citizens,  and  of  the  sincere  wish  of  the  latter, 
that  the  visit  of  the  former  to  our  city  may  be  made  as  agreeable  to 
themselves  as  it  will  be  useful  to  the  great  cause  to  which  it  will  be 
devoted. 


The  Annual  Address  was  not  delivered  by  the  retiring  President, 
Professor  Torrey,  as  he  was  unable  to  attend  the  meeting. 

A  Report  on  the  Present  State  of  our  Knowledge  of  Linguistic 
Ethnology  was  read  on  Monday  afternoon,  August  25. 

No  lengthened  abstract  of  the  proceedings,  scientific  and  executive, 
of  the  Albany  Meeting  of  the  Association  is  necessary  in  this  place,  as 
they  are  contained  in  full  in  the  papers  and  resolutions  printed  in  this 
volume. 

The  officers  elected  for  the  next  meeting  are  Professor  J.  W. 
Bailey,  of  West  Point,  President;  Professor  John  Leconte,  of 
Columbia,  S.  C,  General  Secretary ;  and  Dr.  A.  L.  Elwyn,  of  Phil- 
adelphia, Treasurer.  The  Permanent  Secretaiy,  Professor  Joseph 
LovERiNG,  of  Cambridge,  was  elected  for  a  second  term. 
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The  Association  voted  to  hold  their  next  meeting  at  Montreal,  Can- 
ada, on  Wednesday,  the  12th  of  August,  1857,  having  received  an 
invitation  to  visit  that  citj  from  prominent  citizens. 

During  the  session  of  the  Association,  the  members  and  their  ladies, 
besides  receiving  many  private  hospitalities,  were  elegantly  entertamed 
on  Thursday  evening,  August  21,  at  the  capitol,  when  the  rooms  of 
the  State  Library,  which  are  connected  with  the  capitol  by  a  corri- 
dor, were  thrown  open  to  the  inspection  and  enjoyment  of  the  mem- 
bers;  on  Friday  evening  by  Robert  Townsend,  £sq. ;  on  Saturday 
evening  by  John  V.  L.  Pruyn,  Esq. ;  on  Monday  evening,  in  the  new 
Geological  Hall ;  on  Tuesday  afternoon  by  the  venerable  Mrs.  Blan- 
dina  Dudley,  and  on  Tuesday  evening  by  Hon.  Franklin  Townsend; 
on  Wednesday  evening,  August  27,  by  Stephen  Van  Rensselaer,  Esq., 
and  on  Thursday  evening,  August  28,  by  Edward  C.  Delevan,  Esq. 

Through  the  kindness  and  unwearied  exertions  of  the  Local  Com- 
mittee and  other  citizens  of  Albany,  the  Association  received,  individo- 
ally  and  collectively,  many  attentions,  and  took  pride  and  pleasure  in 
acknowledging  the  same,  as  far  as  was  in  their  power,  by  the  votes  of 
thanks  which  were  unanimously  passed  at  the  close  of  the  meeting,  and 
which  are  printed  in  this  volume. 


During  the  meeting,  a  delegation  consisting  of  Professors  John  W. 
Dawson  and  C.  C.  Smallwood,  Rev.  J.  Flanagan,  Dr.  Thomas  W.  Jones, 
A.  N.  Rennie,  Esq.,  Sir  William  E.  Logan,  H.  Bamston,  Esq.,  and 
Dr.  Slingston,  appeared  as  a  delegation  from  Canada,  and  presented 
an  invitation,  in  behalf  of  the  city  of  Montreal  and  the  Natural  History 
Society  of  that  city,  to  the  Association  to  hold  its  next  meeting  in 
Montreal. 

Dr.  Steiner  offered  an  invitation  in  behalf  of  the  Maryland  Insti- 
tute and  citizens  of  Baltimore,  that  the  Association  should  hold  its  next 
meeting  in  that  city. 

The  following  invitation  was  also  received  from  Springfield :  — 


Commonwealth  of  Massachusetts.     City  of  Springfieid.    In  the  year  one  thousand  d^t 
hundred  and  fifty-six, 

Resolvedy  That  the  City  Council  of  the  city  of  Springfield,  hereby 
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tender  to  the  American  Association  for  the  Advancement  of  Science, 
the  use  of  the  City  Hall  and  Other  public  rooms ;  and  respectfully  in- 
vite them  to  hold  their  next  annual  meeting  in  Springfield. 

JSesolvedy  That  the  City  Clerk  forward  to  said  Association  now  in 
session  at  Albany  an  attested  copy  of  these  resolutions. 

In  Board  of  Aldermen,  August  22,  1856.     Read,  passed,  and  sent 
down.  JOSEPH  IN  GRAHAM,  Clerk. 

Common  Council,  August  25,  1856.     Read  and  passed. 

C.  C.  CHAPIN,  Clerk. 
A  true  copy.     Also,  a  true  copy  of  record. 
Attest.  JOSEPH  INGRAHAM, 

City  Clerk  of  Springfield,  Mass. 
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Resolved^  That  the  Sectional  Committee  be  held  responsible  for  the 
character  of  the  communications  admitted,  and  for  that  of  those  author- 
ized to  be  published  in  the  Proceedings. 

Resolved,  That  the  Chairman  of  the  Sections  be  requested  to  notify 
members  that  strict  adherence  is  expected  to  the  time  named  for  the 
reading  of  their  papers,  and  that  they  be  requested  to  close  the  com- 
munications at  the  expiration  of  the  time  so  specified. 

Resolved,  That  the  time  occupied  in  the  discussion  of  any  paper 
shall  not,  unless  by  a  special  vote  of  the  Section,  exceed  one  half  of  the 
time  allowed  for  the  reading  of  the  paper. 

Resolved,  That  the  limit  of  time  allowed  to  papers,  entered  without 
specification  of  the  time  required,  be  twenty  minutes. 

Resolved,  That  Dr.  Blotchford,  the  representative  of  the  Ameri- 
can Medical  Association,  as  a  substitute  for  Dr.  Pitcher,  be  presented 
to  the  Association  for  the  Advancement  of  Science. 

Resolved,  That  a  delegation  be  appointed  to  represent  this  Associa- 
tion in  the  West  at  the  next  meeting  of  the  American  Medical  Asso- 
ciation. 

Resolved,  That  for  the  remainder  of  the  present  session,  the  provis- 
ions of  the  old  Constitution  be  continued  in  force,  and  that  the  Revised 
Constitution  go  into  effect  at  the  opening  of  the  next  meeting. 
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Hesolved,  That  the  Vice-President  for  the  next  meeting  be  appointed 
at  the  present  meeting,  according  to  the  forms  of  the  old  constitution 
as  applied  to  the  other  General  Officers. 

Resolved^  That  Professor  Haldeman's  Report  be  printed^  and  two 
hundred  and  fifly  copies  placed  at  his  disposal ;  and  that  he  be  re- 
quested to  continue  his  researches  in  Linguistic  ^Ethnologj,  with  a 
view  to  report  a  system  of  notation  for  American  and  exotic  Lan- 
guages. 

Jiesolvedy  That  the  papers  read  at  this  meeting  be  referred  to  the 
Standing  Committee,  to  determine  in  reference  to  their  publication, 
and  that  the  papers  not  accepted  for  publication  be  returned  to  their 
authors. 

Resolvedy  That  the  Permanent  Secretary  be  allowed  to  put  the  Pro- 
ceedings of  the  Albany  meeting  to  press  one  month  after  the  adjourn- 
ment of  the  Association,  and  that  one  thousand  five  hundred  copies  be 
printed. 

Hesolvedf  That  the  Standing  Committee  be  authorized  to  extend  an 
invitation  to  Foreign  Learned  Societies  to  attend  the  Annual  Meetings 
of  the  Association. 

Resolved,  That  volume  nine  of  Proceedings  be  presented  to  the 
State  Library  of  New  York;  that  volumes  six,  seven,  eight,  nine, 
and  ten,  be  presented  to  the  Athenaeum  of  Nantucket,  and  the  tenth 
volume  to  those  gentlemen  of  Albany,  not  members,  who  have  con- 
tributed to  the  funds  of  the  Association  ;  and  volumes  seven,  eight,  and 
nine  to  Mr.  Horton,  in  consideration  of  his  services  as  Assistant  Lo- 
cal Secretary. 

A  request  from  P.  J.  0.  Chauveau,  Superintendent  of  Education 
for  Lower  Canada,  that  two  copies  of  the  Proceedings  be  furnished 
him,  one  for  the  Normal  School,  and  the  other  for  the  Library  of 
Superintendence,  was  referred  to  the  Permanent  Secretary,  with  power 
to  give  such  volumes  as  were  not  scarce. 

Resolved,  That  the  Standing  Committee  be  authorized  to  act  for  the 
Association  in  any  matters  of  business  which  may  not  have  been  com- 
pleted at  the  time  of  the  adjournment  of  the  Albany  meeting. 

Resolved,  That  the  salary  of  the  Permanent  Secretary  be  increased 
to  $500  a  year. 

Resolved,  That  the  use  of  the  Hall  be  granted  to  Dr.  Hare,  after  the 
adjournment  of  the  Association. 
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Resolved,  That  whereas  the  American  Association  for  the  Advance- 
ment of  Science  regard  the  full  and  thorough  geological  survey  of  the 
State  of  Ohio  as  highly  important  in  a  scientific,  as  weU  as  economic 
point  of  view,  the  following  persons  be  appointed  a  Committee  to  me- 
morialize the  Legislature  of  that  State  during  its  session  in  the  coming 
winter,  to  make  a  just  and  liberal  appropriation  to  carry  forward  the 
work  of  such  geological  survey.  [This  committee  is  printed  in  the  first 
part  of  the  volume,  p.  viii.] 

Resolved,  That  a  Special  Committee  of  five  be  appointed  to  investi- 
gate the  principles  which  render  precious  metals  current,  as  moneys,  -^ 
to  promote  the  establishment  of  a  simple  and  uniform  system  in  the 
Mints  of  the  United  States, — and  to  invite  a  general  conformity  in  the 
coinage  standards  of  other  nations.  [Referred  to  the  Committee  on 
Weights,  Measures,  and  Coinage.] 

Professor  C.  Dewey  remarked :  "  Some  of  you  are  familiar  with 
the  famous  fir-trees  of  California,  the  AbiU  Donglassei.  These 
trees,  some  of  which  are  thirty  feet  in  diameter,  are  supposed  to  be 
upwards  of  three  thousand  years  old.  The  attention  of  the  Associa- 
tion is  called  to  the  fact  that  these  trees  are  being  exterminated  as  the 
settlement  of  the  country  advances.  But  twenty-five  of  them,  we  are 
informed,  are  now  left  standing  in  the  States,  and  they  are  not  to  be 
found  but  in  one  place.  It  is  believed  that  an  expression  of  interest 
in  their  preservation  by  the  Association,  made  in  the  right  quarter, 
would  save  the  residue  of  these  gigantic  inhabitants  of  our  primitive 
forests  from  destruction." 

Resolved,  That  this  matter  be  referred  to  Professor  Heniy,  of  the 
Smithsonian  Institution,  with  the  request  that  he  will  correspond,  in 
behalf  of  this  Association,  with  the  authorities  of  California  or  at 
Washington,  in  relation  to  the  preservation  of  these  trees;  or  take  such 
other  course  as  may  seem  more  effective. 

The  following  resolutions  were  adopted  in  relation  to  the  letter  of 
Mayor  Wood  of  New  York,  concerning  a  University  in  that  city :  — 

Resolved,  That  the  Advancement  of  Science,  which  forms  the  great 
object  of  this  Association,  requires  also  the  establishment  of  Universi- 
ties, where  all  branches  of  human  knowledge  may  be  pursued,  under 
eminent  Professors,  to  their  last  development. 

Resolved,  That  the  establishment  of  at  least  one  such  institution  in 
any  part  of  our  country  at  the  present  time  is  an  object  of  the  highest 
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interest  to  this  Association,  and  would,  in  their  judgment,  form  an 
epoch  in  the  progress  of  science  in  this  country. 

JResolved,  That  every  judicious  effort  made  for  the  accomplishment 
of  this  great  work  will  receive  our  hearty  commendation  and  firm 
support. 

Resolvedy  That  we  consider  the  recommendation  before  ns  as  such 
an  effort  as  is  referred  to  in  the  last  resolution. 


VOTES  OF  THANKS. 

Resolved,  That  the  Association  returns  its  thanks  to  the  Maryland 
Institute,  who  have  so  kindly  invited  us  to  assemble  in  their  city,  and 
expresses  the  hope  that  in  some  future  year  the  Association  may  be 
able  to  meet  their  wishes. 

Resolved,  That  the  Association  returns  its  thanks  to  the  Mayor  and 
Council  of  Springfield,  for  their  invitation  to  meet  in  their  city,  and 
regret  that  they  cannot  accept  it  for  the  next  summer. 

Resolved^  That  the  thanks  of  the  Association  be  tendered  to  Pro- 
fessor Hall  and  Mr.  Palmer,  who  have  so  kindly  opened  their  ooliec- 
tion  for  the  inspection  of  members. 

Resolved,  That  the  heartiest  thanks  are  due  by  the  Association,  and 
by  every  member  of  it,  to  the  Local  Committee  for  their  admirable 
arrangements  for  the  meeting,  and  their  unremitting  and  most  kind 
attentions  during  the  progress  of  the  session. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  the 
Directors  of  these  railroads :  New  York  Central ;  Michigan  Central ; 
Western ;  Hartford  and  New  Haven ;  Baltimore  and  Ohio ;  Pennsyl- 
vania ;  Philadelphia,  Wilmington,  and  Baltimore,  and  of  the  steamer 
Alida,  and  the  steamships  from  New  York  to  New  Orleans,  for  the 
free  return  tickets  which  have  been  offered  to  members  in  attendance  at 
this  meeting. 

Resolved,  That  the  thanks  of  the  American  Association  be  presented 
to  the  Directors  of  the  Cunard  line  of  steam-packets,  and  especiallj 
to  Mr.  Edward  Cunard,  for  the  very  prompt  and  generous  manner  in 
which  the  free  passages  were  tendered  by  these  lines  for  sdentific  gen- 
tlemen from  Europe  who  might  desire  to  attend  this  meeting ;  and  that 
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similar  thanks  be  offered  to  the  Directors  of  the  Bremen  line,  6f  the 
Glasgow  Steamship  Company,  of  the  Collins  line,  and  of  the  Belgian 
line^  for  similar  acts  of  generosity. 

Sesolved,  That  thanks  be  returned  to  Messrs.  E.  C.  Morgan,  Mor- 
timer Livingstoki,  Cornelias  Grinnell,  Spofford,  Tileston  &  Co.,  and 
Grinnell,  Mintam  Sc  Co.,  for  the  generous  offer  of  free  passages  in  the 
sailing  packets  belonging  to  them. 

Sesohedy  That,  in  the  words  of  a  distinguished  foreigner  to  the 
Local  Committee,  such  acts  exalt  the  commerce  of  America,  and  place 
it  at  the  head  of  the  commerce  of  the  ciTilized  world. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  the 
Trustees  or  Directors  of  the  State  Library;  Dudley  Observatory; 
Albany  Academy  and  Institute ;  Medi(»il  College  $  Albany  Hospital ; 
Geological  Hall,  Agricultural  Rooms,  and  Cdllectibns;  New  York 
State  Agricultural  Society ;  Female  Academy ;  Penitentiary ;  Albany 
Rural  Cemetery,  for  the  invitations  tvhich  have  been  extended  to  its 
members,  and  the  many  facilities  offered  for  inspection. 

Hesohed,  That  the  sincere  thanks  of  the  Association  be  returned  to 
the  Legislature  of  New  York  and  the  Trustees  of  the  Capitol,  for  the 
iample  accommodations  wtiich  have  been  afibrded  for  the  meeting  of 
the  Association,  its  Secretaries,  and  Committees. 

Sesohed,  That  the  thanks  of  the  Associatioti  be  presented  to  the 
President  of  the  Mechanics  and  Farmers  Bank  for  his  generosity  in 
negotiating  the  funds  of  the  Association. 

Resolved,  That  our  very  warm  thanks  are  returned  to  the  citizens 
and  ladies  of  Albany,  who  have,  with  such  utibounded  hospitality, 
opened  their  hearts  and  dwellings  to  the  reception  of  the  members  of 
the  Association  duHng  this  meeting,  and  that  our  best  Wishes  attend 
them  now  and  will  remain  with  them  through  our  lives. 

The  following  remarks  were  made  by  Rev.  Dr.  Ferris:^ 
The  interval  since  this  Association  met  last  in  this  city  is  short,  and 
yet,  on  our  assembling,  we  find  not  among  us  the  genial  friend — the  ripe 
scholar  —  the  true  man  ^- the  man  of  science.  Dr.  T.  Romeyn  Beck. 
It  has  pleased  an  allwise  Providence  that  he  should  be  carried  to  the 
house  appointed  for  all  the  living.  It  was  my  privilege  to  know  well 
four  of  the  Becks — brothers. 

(21) 
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The  A^jutant-Generaly  Nicholas,  passed  awaj  many  yean  nnoe,  ere 
he  had  accomplished  what  an  earnest  mind  promised.  All  koow  bov 
Dr.  John  B.  Beck  graced  the  medical  profession^  and  won  for  bimself 
uniyersal  req>ect  and  admiration  as  a  Professor  in  the  College  of  Sm^ 
geons  and  Physicdans  of  New  YoriL ;  of  Dr.  Lewis  C.  Beck  the  State 
of  New  York  has  an  abiding  memento  in  the  results  of  the  Sdeotiiic 
Survey  of  the  State,  as  will  be  seen  in  the  collections  of  the  State 
cabinet  His  works  on  Chemistry  and  Botany  have  been  the  goidei 
of  many  an  inquirer,  and  his  labors  in  his  favorite  departmeot  in 
Bulgers  College  will  never  be  forgotten. 

Dr.  T.  Bomeyn  Beck, — as  a  most  successful  educator— as  as 
indefatigable  laborer  in  various  branches  of  learning — as  the  anther 
of  the  first  American  work  on  Medical  Jurisprudence  (I  think),  wludi 
has  become  a  standard  in  that  department,  and  been  translated  asd 
used  abroad,  and  as  a  Professor  of  a  Medical  Institute  for  many  yean, 
-»  has  occupied  a  place  granted  to  very  few.  He  became,  in  1817,  the 
Principal  of  the  Boys'  Academy,  whose  edifice  you  have  all  admiied 
in  the  Park  opposite,  an  institution  which  received  new  life  under  his 
energy,  and  which  has  yielded  to  the  various  walks  of  life  a  very  large 
number  of  most  able  men,  and  where  (I  believe  I  do  not  mistake),  is 
connection  with  Dr.  Beck,  our  esteemed  associate  of  the  Smitbsoniaii, 
whose  reputation  is  world  wide,  received  his  first  impulse  in  tboee 
researches  which  have  so  distinguished  him.  Here  Dr.  Betk  €0O- 
tinued  for  over  twenty  years  ;  and,  while  here  engaged,  was  condoctiDg 
special  chemical  instruction,  and  was  lecturer  in  the  Medical  College 
then  at  Fairfield.  He  was  the  most  industrious  man  in  scientific  hbon 
I  have  known, — apparently  never  tiring,  and  never  confosed  by  tbe 
number  or  variety  of  his  pursuits.  He  was  eminently  a  man  of  sys- 
tem, and  to  thb  must  be  attributed  hb  ability  to  accomplish  so  mncL 
One  of  the  choicest  heirlooms  must  have  been  his  volumes  of  Cominoa 
Places,  the  gatherings  of  a  most  laborious  life.  In  all  enterprises  as- 
dertaken  here  for  science  or  literature,  his  was  an  active  part  The 
circle  of  his  friends  was  large,  and  among  educated  men  espedsflj- 
His  latter  years  were  occupied  as  Secretary  of  the  Begents  of  tiie 
University  of  the  State  of  New  York — a  most  important  and  respon- 
sible office — and  in  the  prosecution  of  science.  He  has  by  no  means 
lived  in  vain.    Having  reached  a  full  measure  of  years,  he  has  goat 
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to  his  rest ;  but  his  memorial  is  in  man j  hearts.  Albany  city  and 
New  York  State  have  reason  to  note  it  in  imperishable  record,  that  he 
was  theirs. 

We  love  to  trace  influences  to  their  sources,  to  inquire  whence  all 
this?  It  is  enough  to  say  that  this  quartette  of  brothers  had  a  mother 
worthy  a  place  above  hers  of  the  Gracchi.  Think  of  her,  as  when,  ad« 
▼anced  beyond  the  common  lot  of  life,  she  was  coadjutor  and  reliance 
in  the  meteorological  observations  taken  at  the  Albany  Academy  for 
many  years. 

Mr.  President, —  As  our  friend  has  gone,  so  we  are  going ;  this  may 
be  the  last  meeting  to  some  of  us ;  —  may  ours  be  a  fuU  preparation 
for  it,  such  a  preparation  as  true  religion  secures. 

I  beg  to  offer  the  following  resolutions :  — 

Sesolvedj  That  this  Association  record,  with  feelings  of  regret,  the 
removal  by  death  of  T.  Romeyn  Beck,  M.  D.,  L  L.  D.,  of  the  city  of 
Albany,  since  its  last  meeting  in  this  place. 

Reiohedy  That  the  scholar-like  attainments  of  our  associate  in 
various  departments  of  Science  and  Literature,  and  his  long  and  suc> 
cessful  devotion  to  the  interests  of  learning,  his  distinguished  ability 
and  his  profound  worth  have  given  him  a  high  place  among  the  sons 
of  Science,  and  the  benefactors  of  man;  and  the  memory  of  such 
should  be  fondly  cherished. 
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BEPOBT  OF  THE  PERMANENT  SECRETARY* 

The  duties  of  tbe  Permanent  Secretary  during  tbe  last  jeai  h&n 
been  nearlj  doubled  in  consequence  of  the  re-publication  of  the  Cleve- 
land volume,  the  chai^ge  of  which  was  committed  to  his  hands.  The 
preparation  of  the  Proceedings  of  the  Cleveland  and  Providence  meet- 
ings for  the  press,  the  examination  of  proof-sheets,  the  distribation  of 
the  volumes  when  printed,  and  the  making  of  contracts  and  pajmedt 
of  bills  connected  with  these  matters,  constitute  tbe  most  oneroos  put 
of  the  labor  performed  by  the  Permanent  Secretary.  The  Cleveland 
and  Providence  volumes  were  published  in  April,  and  have  been,  as 
far  as  practicable,  distributed  to  members  entitled  to  receive  them. 
Also  circulars  have  been  sent  as  follows :  — 

1st,  To  newly  elected  members. 

2d«  To  members,  calling  on  them  for  papers  to  be  printed. 

dd,  To  members,  informing  them  that  the  volumes  of  Proceedings 
were  ready. 

4tb,  To  members,  informing  them  that  volumes  had  been  sent 

Sth,  To  delinquent  members. 

6th,  To  members  who  have  paid  assessments  and  wish  receipts. 

Since  August  25,  1855,  when  the  Permanent  Secretary  made  hfl 
last  Report,  down  to  August  20, 1856,  the  date  of  the  present  report, 
$960.50  have  been  collected  by  the  Permanent  Secretary,  moflUy  m 
the  form  of  assessments,  but  partly  by  the  sale  of  the  Proceedings  rf 
the  Association.  If  to  the  above-named  sum  are  added  $291.92,  re- 
ceived' from  members  directly  by  the  Treasurer,  and  $1,186J^4  re- 
ceived by  the  Treasurer  from  members  through  the  Permanent  Secre- 
tary, an  aggregate  collection  of  $2,438.92  results.  The  Pennanent 
Secretary  has  also  received  a  balance  of  $333,  subscribed  at  Frovi- 

*  In  the  Providence  Yolame,  page  298,  line  1,  inatead  of  *'  eighty-six  doIIaic»" 
read  seventy-six,  which  corFesponds  with  the  statement  on  the  preceding  page  <" 
the  same  volume,  5th  line  from  bottom.  On  line  8  of  same  page,  for  "  thirty  dol: 
lars,"  read  twenty  dollars.  On  line  11  of  same  page,  for  "  eight  hundred  andaef- 
enteen  dollars,"  read  seven  hundred  and  ninety-seven  dollars.  On  page  2S9,  ^Bts 
21  and  22,  for  "  sixty-eight  dollars  and  thirty-three  cents,"  read  forty  dolUw  wd 
sixty-eight  cents.  These  numerical  errors  exist  only  in  the  printed  Beports,  tfd 
the  numbers,  as  corrected,  correspond  to  the  manuscript  Reports. 
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denoe,  from  the  Local  Committee  of  that  city,  to  assist  in  the  publica- 
tion of  the  Proceedings  of  the  ProTidence  meeting,  and  from  6.  P. 
Putnam  &  Co.  $11.29,  for  the  sale  of  Proceedings.  The  grand  total 
•mounts  to  $2,783.21. 

The  expenses  since  the  last  account  rendered  (which  is  printed  in 
the  volume  of  Proceedings  at  Providence,  pages  304  and  305),  have 
•mounted  to  $2,647.69.  This  sum  exceeds  the  average  annual  ex- 
penses hj  about  $1,000.  The  excess  has  been  caused  by  the  reprint 
of  the  volume  of  Cleveland  Proceedings.  The  total  expenditure  of 
$2,647.69  may  be  divided  as  follows :  — 

For  the  preparation  and  publication  of  vols.  YIL  and  IX.  $2,201  00 

Salary  of  Permanent  Secretary SOO  00 

Postage 45  80 

Printing  and  Bending  of  drcnlarB 25  72 

Snndriea 70  67 

Discount  on  distant  banks 4  50 

Total $2,647  69 

If  the  expenses  (or  $2,647.69)  are  subtracted  from  the  income  of 
the  Association  (or  $2,783.21),  we  have  a  balance  above  expenditure, 
of  $135.52.  This  is  to  be  added  to  the  balance  of  last  year,  which 
was  $111.96  in  the  hands  of  the  Permanent  Secretary,  and  $620.58 
in  the  hands  of  the  Treasurer.  The  present  balance  is  $868.06,  of 
which  $106.31  is  in  the  hands  of  the  Permanent  Secretary,  and' 
$761.77  in  the  hands  of  the  Treasurer. 

The  Permanent  Secretary  states  that,  in  conformity  with  the  enact-* 
ments  of  the  Association,  and  the  notice  given  by  him  last  year  to  the 
Standing  Committee,  he  has  struck  from  the  list  of  names  those,  and 
those  only,  from  whom  no  dues  have  been  received  since  the  last 
Albany  Meeting,  in  1851.  Whereas  91  new  members  were  added  at 
Providence,  492  have  been  struck  out  since  that  meeting,  the  number' 
of  members  being  reduced  from  1,023,  as  before  the  Providence  Meet- 
ing, to  622,  as  at  the  beginning  of  this  meeting.  As  each  person  so 
struck  from  the  list  of  members  is  now  indebted  to  the  Association  for 
$12,  this  repudiation  of  assessments  makes  a  loss  of  funds  to  the  As- 
sociation, of  $5,904. 

It  should  be  added  that  several  of  those  struck  out  have  since  paid- 
the  $12  due,  and  will  be  restored  to  their  places  in  the  next  volume. 

(21*) 
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REPORT  OF  THE  AUDITORS. 

We  have  ezamioed  the  accounts  of  the  Treasurer  and  Permanent 
Secretary,  and  find  ihevfk  correct ;  and  the  balances  in  their  hands  to 
the  credit  of  the  Association  stated  in  the  preceding  Report  of  the 
Permanent  Secretary,  to  wit :  — 

In  the  hands  of  the  Permanent  Secretary,  •  •  .  $106^1 
«         «         «      Treasurer, 790^ 


$896J^I 


Jmenean  InsUtiUxom  receiving  Copies  of  the  Proceedings  of  the  Amer- 
icpn  Auociationy  by  Vote  of  the  JMoeiaiion. 

Voiuipcs  viL  vm.  IX. 

American  Academy,  Boston^ ^  ^ 

Natural  History  Society,  Boston^ «  « 

New  York  Lyceum,  New  Torky « 

Philadelphia  Academy  of  Natural  Sciences,  Philadelphia^  u  u      u. 

American  Philosophical  Society,        .        .        .        ,       «  a      « 

Western  Academy  of  Natural  Sciences,  Oincinnati^        .  "  « 

Cleveland  Academy  of  Natural  Sciences,  Cleveland^  ^       u  u      a 

Smi^sonian  Institution,  Washington^      .        •        •        .  ^  ** 
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Li9t  of  European  Institutions  to  which  Copies  of  Hie  Proceedings  of 
the  American  Association  were  distributed  hy  the  Permanent  Secre- 
tary  in  1856. 


Yolomcs. 


Stockholm^  —  Kongliga  Svenska  Yetenskaps 

Akademien,     . 
Copenhagenj  —  Kongei  danske  Yidensk.  Sel- 

BacIOb  *•  ••  •■  ••  •  • 

Moscow^ —  Sqc.  Imp.  de^  Natuxalistes^ 
St.  Petersburg  J  —  Acad.  Imp.   des   Sciences, 
"  "    *         '  Kais.  Russ.  Min.  Gesellsch. 

Amsterdam,-^  A.c&di.  Royale  des  Sciences, 
Haarlem,  —  HolL  Maatschappij  der  Wettea- 

scbappen,  .... 
Berlin,  —  K  P.  Akad.  der  Wiss.,  . 
BreslaUy  —  K.  t.  C.  Akad.'  der  Naturf., 
Franckfurt, —  Senckenbergische  Gesellschaf^, 
Gottingen,  —  Konigl.  Gesellschaft  der.  Wiss., 
Munich,, —  K,  B.  Akad.  der  Wiss., 
Prag^  —  K.  Bohm.  Gesellschafl  der  Ityissu, 
Vienfici,  — *K.  Al^ad.  der  Wiss.,  . 
Bern,  —  Allg.  Schw.  GesellschaA,  . 
Geneve,  —  Soc  de  Physique  et  d'Hist  Nat., 
BrwueUes,  —  Acad..  Royale  de^  Sciences, 
Li^e,  —  Soc.  Royale  des  Sciences,  . 
Paris, —  Iristitut  de  France, 
Turin^  ^-  Accademia  Reale  delle  Scienze, 
Madrid,  —  Real  Acad^  des  Cienoias,  . 
Cambridge, —  Cam.b.  Philosophical  Society, 
Dublin,  —  Royal  Irish  Academy, 
Edinburgh,' —  Royal  Society, 
London,  —  Board  of  Admiralty, 
East  India  Company, 
Museum  of  Practical  Geology, 
Royal  Society,   • 
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CASH   ACCOUNT    OF  THE 
Dr.                                                    American  Associatioit  oi 

Metcalf  &  Co.,  Printers, $8.00 

Expenses  at  Providence, 50.00 

Brainerd  &  Burridge,  for  rejected  map  in  VUth  Tolame,         •  37.50 

Metcalf  &  Co.,  for  printing  blank  bills,       .        .        •        •  5.67 

Assistant  local  secretaries  at  Providence,       .        •        •         .  15.00 

Rice  Sc  Kendall,  for  paper, 579.52 

Binding  volume  of  Washington  Proceedings, .        •        •        •  158.25 

Metcalf  &  Co.,  for  printing  VUth  and  IXth  volumes,         .  890.98 

Lemon,  for  binding  VUth  and  IXth  volumes,        •        •         .  159.82 

Duval,  for  printing  plates, 99.00 

Bradford,  for  printing  and  engraving  plates,  •        •        •        •  63.00 

Bien,  for  printing  plates, 100.00 

Moore  &  Crosby,  for  printing  plate, 20.00 

Kilbum  &  Mallorj,  for  wood-cuts, 30.00 

Index  for  Cleveland  and  Providence  volumes,         .        .        .  10.00 

Binding  extra  copies  of  Addresses  of  Dana  and  Gibbs,      •  4.06 

Circulars  to  delinquents,  etc  etc, 20.00 

Engraved  circular  to  eminent  foreigners,    ....  5.72 

William  Mills,  services  in  distributing  volumes,      .        •        •  18.37 

Express, 22.50 

Postage, 45.80 

Discount  on  distant  banks, 4.50 

Salary  of  Permanent  Secretary, 800.00 

$2,647.69 

Balance  to  next  account, 106.31 

$2,754.00 
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PERMANENT    SECRETARY. 

Account  Ufiih  Joseph  Loyebing.  Cr. 

Balance  from  ^t  account, $111.96 

Salary  of  Permanent  Secretary, 300.00 

Cash  from  Treasurer, 1037.25 

Cash  from  Local  Co^^nittee  at  Providence,    •        •        .  333.00 

G.  P.  Putnam  &  Co.  sale  of  Proceedings,  .        •        .        .  11.29 

Assessment^  ivoa^  August  21, 1855,  to  August  20, 1856, .  960.50 


$2,754.00 


We  certify  that  we  have  examined  the  preceding  account  of  the 
Permanent  Secretary,  comparing  the  credits  with  the  Treasurer's  ac- 
count, and  the  receipt  hook,  and  th^  debits  with  the  several  vouchers, 
and  find  the  whole  correct ;  and  the  balance  of  one  hundred  and  six 
dollars  and  thirty  one  cents,  properly  credited  in  the  next  account. 

John  L.  LbContb,)   4    ... 
J.  H.  C.  CoPFiK,  '^^««^'««-'- 

Albast,  Angjost  27,  1856. 


250 


STOCK  ACCOITNT  OF  THE  PEBMANENT  8BCBBTABT. 


STOCK  ACCOUNT  OF  THE  PERMANENT  SECRETARY. 
Volumes  IHstrihuied  or  Sold. 


Volumes 

I. 

n. 

m. 

IV. 

V. 

VI. 

vn. 

vm 

DL 

DELIVERED  TO 

J.  Y.  Smith,*     .        . 
E.H.  Barton,* 
G.  W.  Dean,*    . 

B.  Stanard,*  . 
M.  L.  Clark,*     . 

J.  B.  Cherriman,*  . 

S.  H.  Douglass,* 

J.  Pennington,* 

P.  J.  0.  Chauvean,*t 

J.  Edmondson,* 

F.  Tavlor,*         .        . 

J.  S.  Harreqni,*     . 

Providence  Athen8Bum,t 

New  York  Historical  I 

ciety,    . 
Philosophical    Society 

PhiUdelphia, 
D.  Treadwell, 
J.  C.  Delano,     . 
W.D.  Henkle,*      . 
J.  G.  Anthony,  . 
Amos  Binney, 
J.  B.  Lindsley,* 
J.  B.  Paine,t  . 
F.  P«dne,t  . 
T.  CasweU,t    .        . 
J.W.Dawson,*. 
T.  D.  Robertson,*  . 

C.  F.  Benedict,* 

Bidwell*, 

A.  Sager,* . 
Brown  University,! 
N.  Y.  State  Library,t 
Boston  Athenseum,. 
Harvard  College, 

Yale  CoUege, .        .        . 
Munroe  &  Co.,§ . 
Putnam  &  Co., 
Members,   . 
Institutions,  (  . 

at 

• 
5 

* 
1 

6 

« 

6 

1 

* 

« 

« 
7 

• 
• 

• 
* 
• 
2 

♦  - 

2 

« 
• 

• 

• 

• 
« 

• 

7 

• 
* 

* 
• 
« 

2 

• 
2 

• 

« 

• 

« 
* 
« 

• 
• 
• 
* 
« 
7 
18 
341 
85 

* 
ft 

• 
ft 

ft 

2 

ft 
2 

ft 
ft 

ft 

ft 

ft 
ft 
ft 

ft 

91 
32 
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404 
85 

Total,.        .        . 

19 

15 

20 

21 

27 

27 

419 

142 

485 

•  Sold.  t  By  order  of  the  Association.  X  See  pages  248-T. 

§  Fifteen  of  these  volumes  were  purchased,  and  twenty-^gfat  given  tn  ezohaoga. 
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BALANCE  OF    STOCK. 


Voliiines, 

L 

n. 

HL 

IV. 

Y. 
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VJL 

vm 

TX. 
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Receiyed  from  Binders,  . 
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Ca,*        .        .        . 

Total,      ...» 
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sold,     .... 
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19 
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15 
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20 
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65 

67 
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581 

895 

1015 

*  In  exchange  tbr  volumes  less  raxe. 


Account  of  G.  P.  Putnam  &  Co.|  with  thb  Association. 


Volumes  on  hand, 

L 

n. 

m. 

IV. 

V. 

VI. 

VII. 

Vlll 

IX. 

Value. 

January  1, 1856,    • 
Received,  July  81, 

Total,.        .        . 
January  1,  1857,    . 

Now  due,  for  sold. 

19 

19 

19 

68 

10 

157 

18 

20 

14 

$874.88 
40.50 

19 
4 

19 
4 

19 
4 

68 
69 

10 

7 

157 
152 

18 
8 

20 
8 

14 
8 

$414.88 
895.84 

15 

15 

15 

— 1 

8 

5 

5 

12 

6 

$19.04 

Februaryy  1857. 
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REPORT  OF  THE  TREASURER. 

Tbe  Treasurer  received  at  Providence  from  the  Permanent  Secre- 
tary, eleven  hundred  and  ninetj-seven  dollars  and  fifty  cents,  ooDected 
by  hihi  from  members;  He  has  recbived  himself  front  members,  since 
his  last  report,  two  hundred  and  ninety-one  dollars  and  ninety4wo 
cents. 

He  has  paid  to  the  Permanent  Secretary,  hb  salary  of  three  hun- 
dred dollars  :  to  J.  Bien,  for  Plates,  sixty  dollars  $  to  Edward  Whai^ 
ter,  thirty  dollars  and  seventy-five  cents;  and  to  the  Pennant 
Secretary,  nine  hundred  and  fifty-six  dollars.  These  mcpenditures, 
amounting  to  thirteen  hundred  and  forty-six  dollars  and  seventy-five 
cents,  taken  from  the  receipts  of  fourteen  hundred  and  eigh^-nine 
dollars  and  forty-two  cents,  leave  a  balance  of  one  hundred  and  forty- 
two  dollars  and  sixty-seven  cents,  which,  added  to  the  balance  of  kst 
year,  (of  six  hundred  and  forty-nine  dollars  and  three  cents,)  makes  a 
total  balance  of  seven  hundred  and  ninety-one  dollars  and  seventy 

cents. 

A.  L,  Elwtn,  Treaswtr. 


REPORT  OF  THE  AUDITORS. 

We  have  examined  the  preceding  account  of  the  Treasurer,  eom- 
paring  the  debits  with  the  account  of  the  Permanent  Secretary,  and 
find  a  difference  of  $1.50  in  faVdr  of  tlie  Secretary ;  and  with  this 
correction,  that  the  balance  in  the  hands  of  the  Treasurer  to  the  credit 
of  the  Association  should  be  $790.20  instted  of  $791.70. 

No  detailed  accounts  are  presented  of  the  money  received  from 
members,  nor  any  prior  statement  of  the  balance  on  hand  last  year. 
We  believe  them,  however,  to  be  correct 

John  L.  LeContb,)    .    ,.^ 
J.  H.  C.  Coffin,   7-*««^«^«- 
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CORRESPONDENCE. 


November  1,  1855. 
Sir,  —  We  have  the  honor  to  inform  you  that  the  Tenth  Meeting  of 
the  American  Association  for  the  Advancement  of  Science  will  be  held 
in  the  city  of  Albany,  commencing  its  sittings  on  Wednesday,  August 
20,  1856,  and  continuing  during  such  time,  not  less  than  a  week,  as 
may  be  then  decided. 

It  is  anticipated  that  the  Dudley  Observatory  and  the  Geological 
Museum  will  be  inaugurated  during  the  meeting,  upon  days  to  be  set 
apart  for  the  purpose,  and  it  is  also  proposed  that  excursions  be  made 
to  points  of  scientific  and  historical  interest  in  the  vicinity. 

We  are  directed  by  the  Association  to  solicit  the  honoi:  of  your 
presence  on  the  occasion,  and  the  Local  Committee  have  instructed 
us  to  assure  you  of  an  earnest  and  cordial  welcome.  Permit  us  to 
hope  that  you  will  favor  the  Association  by  transmitting  an  affirmative 
reply  to  the  General  Secretary  at  Cambridge,  Mass.,  or  to  the  Local 
Committee  at  Albany,  N.  Y. 

We  have  the  honor  to  be.  Sir,  very  respectfully  yours, 
JAMES  HALL,  President. 
JOSEPH  LOVERING,  Permanent  Secretary, 
B.  A.  GOULD,  JR.,  General  Secretary, 


T.  ROMEYN  BECK, 
THOMAS  W.  OLCOTT, 
JAMES  H.  ARMSBY; 


)TT,  V 


1.  Philadelphia,  Pa., 

2.  Cambridge,  Mass., 

3.  Charleston,  S.  C, 

4.  New  Haven,  Ct., 

5.  Cincinnati,  O., 

6.  Albany,  N.  Y., 

7.  Cleveland,  O., 

8.  Washington,  D.  C, 

9.  Providence,  R.  L, 


For  the 

ooal  Committee, 

tings  of 

the  Association. 

1648, 

W.  C.  Redfield,  Presi 

1849, 

Joseph  Heniy,           " 

1850, 

U                                          (( 

1850, 

A.  D.  Bache,            " 

1851, 

44                                              (( 

1851, 

Louis  Agassiz,          '^ 

1853, 

Benjamin  Peirce,       " 

1854, 

James  D.  Dana,        " 

1855, 

John  Torrey,            " 
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EBBATA. 


Pabt  I. 

Page  54,  line  6  from  bottom,  afier  Liverpool  read  and  Manchester. 
55,  in  first  table, /or  .024  and  .088  read  .025  and  .090. 
"    60,  lines  10  and  20,  fir f  read  J'*. 
66,  last  line,/or  d^,^  read  ^^^  ^ 
73,  last  line,/or  1.803755  read  1.803755. 
95,  snpplj  12  as  denominator  in  the  last  formula. 


PjLBT  n. 

Page  38,  line    l,yor  Cuchillo   read  Cochilla. 

39,  "    33,  "  Altis  "  Celtis. 

40,  "     5,   "  cross           "  cropp. 
"     "   34,  "  mosquito     "  moezquite. 

42,  "  12,  "  Ldbota         "      Cdbota. 

44,  "     3,  '*  Li^nagas      "     Ci^nagas. 
"  "  29,  38,  &c.,/or  Onehibabi  read  Jnchibabi. 

45,  "     7,/ordi  read   del. 
"  "  26,  "  Papaga       "     Papago. 

47,    "     6,  "  marshes      "     mashes. 

49,  *'   29,  "  Pinajas       "     Tinajas. 

50,  lines  20  and  21,^  is  almost  dry,  and  active  to  change,  read  is  almost  day 
and  night  busy  to  change. 

74,  line  33,/or  the  equation  ML?^  read  ^^?. 

177,   "   2\,fir  Betchporea  read  Betepora. 
"      "   33,  "   aux  saillant  read  anx  angles  saillants. 
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